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ABSTRACT 


Drolet ach ckenc were Ted [Our ravilons :j75BM, “a soybean 
meal control ration; soBMP;y a soybean meal ration with a 
higher fiber and fat content; RSM, a 15% Span rapeseed meal 
ration; and RSMHM, a 15% Span rapeseed meal with 5% herring 
meal, 0.1% DL methionine and 0.05% choline chloride. At 
8 weeks of age, the chickens from each ration treatment 
Were commercially killed, eviscerated, and assigned to one 
Oly uUnree (svorage treatments: fresh, short. frozen storage 
(18 days) or long frozen storage (6 months). 

Broilens; fed the RoM- ration had lower (P< 0.05) initial 
raw and cooked weights than comparable chickens fed the SBM 
and RSMHM rations. The initial raw and cooked weights of 
chickens fed the RSMHM ration were similar to the weights 
of chickens on the SBM ration. The thaw loss of larger 
chickens (RSMHM ration) was lower than the thaw loss of 
smaller chickens (RSM ration). Total cooking and volatile 
losses for SBM broilers’ were significantly lower than the 
losses for comparable chickens on!’ the#other rations. Drip 
loss, pH, of broth and cookedpmeav {percentage Cotal moisture , 
percentage ether extract, monocarbonyls, shear force for 
light and dark meat and water holding capacity were not 
Significantly affected by ration treatment. TBA numbers 


for chickens fed each of the rations differed significantly. 


The odor, flavor and overall acceptability scores given 


by trained panelists for light meat, dark meat and broth 
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samples re lower (P< 0.05) for chickens fed the RSMHM 
ration than the scores for comparable chickens fed the SBM, 
SBMF and RSM rations. Feeding the RSM ration to chickens 
resulted in significantly lower flavor scores ‘for dark meat 
and broth, and a lower (P< 0.05) overall acceptability score 
for dark meat than the scores assigned to comparable samples 
Obtained from chickens fed the SBM ration. There were no 
arcu locant di hherences in juiciness attributable to ration. 
Tenderness scores for light and dark meat from chickens fed 
the RSMHM ration were lower (P< 0.05) than tenderness scores 
for comparable samples from SBM chickens. 

A consumer panel assigned signiticantly lower odor, 
flavor and acceptability scores to chickens fed the RSMHM 
Havion vnan CoO chickens fed either phe SEM or RoM rations. 
Chickens representing the RSM ration received slightly 
lower palatability scores than SBM chickens. Preference 
ratings indicate that chickens fed the RSMHM ration were 
rated as "least preferred" more frequently (P< 0.05) than 
chickens fed either the.SBM or RSM rations, which received 
Sami bar sreacines’. 

Storage treavment did nov significantly aitrect initial 
raw weight, cooked weight, cooking losses (total, volatile 
and drip), pH of broth and cooked meat, total moisture (4%), 
ether extract (%), monocarbonyls and shear force for dark 
meat samples. Thaw loss for chickens frozen and stored 
18 days was lower (P< 0.05) than the thaw loss for frozen 


chickens, stored 6 months. The TBA number for chickens 
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held frozen for 6 months was lower (P< 0.05) than the TBA 
numbers for fresh chickens and frozen chickens stored 18 
days. Light meat cores from chickens held frozen for 6 
months required less (P< 0.05) shear force than comparable 
cores from chickens assigned to the other two storage treat-— 
ments. Water holding capacity of frozen chickens stored 

6 months was lower (P< 0.05) than water holding capacity of 
fresh chickens. 

Generally, trained panelists indicated that broiler 
eating quality was not influenced by frozen storage. Odor 
scores for light meat from frozen chickens were significantly 
lower than comparable samples from fresh chickens. Dark 
meat from chicken frozen and stored 18 days received a 
lower (P< 0.05) odor score than dark meat from chickens held 
frozen for 6 months. The odor score for broth from chickens 
frozen and stored 6 months was lower (P< 0.05) than the odor 
seore for broths prepared from fresh chickens. 

Data for the combined effects of ration and storage 
indicate that short and long frozen storage does not affect 
the eating quality of chickens fed the SBM, SBMF and RSM 
rations. However, odor scores for light meat and broth 
samples from chickens fed the RSMHM ration were adversely 


affected when chickens were frozen and stored for 6 months. 
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INTRODUCTION 


Currently, soybean meal is the main vegetable protein 
used in rations for poultry in major poultry producing areas 
of the world. However, the increasing ee ey and high 
price of protein ingredients for poultry and animal feeding 
necessitate consideration of the suitability of other sources 
of protein in ration formulations. Canada is the world's 
largest producer of rapeseed (Downey et al., 1974). In addi- 
tion to being economic to produce in this country, rapeseed 
provides an excellent source of protein. Thus, commercial 
feed mixes in Canada include rapeseed meal as a protein sup- 
plement to the 15% level in rations for broiler chickens. 

Although many studies have investigated the nutritive 
value of rapeseed meal and the performance of broilers 
raised on rapeseed meal (Clandinin and Robblee, 1970; Clan- 
dinin et al., 1972 a; Clandinin et al., 1972 b; Leslie and 
Summers, 1975) there is very little published information 
regarding the eating quality of broilers fed rapeseed meal 
rations. The major purpose of this project was to evaluate 
the eating quality characteristics of chickens raised on a 
commercial ration containing rapeseed meal using objective 
Measurements and subjective evaluations by a trained panel 
and a consumer panel. In order to investigate the effects 
of a high level of methyl groups in the ration on the eating 
quality of broilers, a ration containing rapeseed meal, 


herring meal, methionine and choline chloride was also in- 
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included. Chickens fed soybean meal rations served as con- 
eroLs.; 

Much of the chicken marketed to the consumer is in the 
frozen state. In sddetont chicken is purchased fresh, fro- 
zen at home and stored until used. The length of home stor- 
age time for frozen poultry may vary from one week or less 
to six months or more. Generally, a frozen storage period 
of 6 months is considered to yield a product of optimum 
quality. One year is the maximum period of frozen storage 
recommended in order to insure good quality (Tressler and 
Evers, 1957; Simpson, 1962; Palmer, 1972). Research is 
required to evaluate the effects of short and long frozen 
storage periods, currently utilized by consumers, on the 
eating quality of chicken meat from broilers. Therefore, 
in this study three storage periods were included to pro- 
vide information on the palatability of broiler chickens 


fed typical commercial rations. 


y 


-—BOD 


s¢ 
a“ 
- 
= 
= 
1 
1 
7 
s 
“0 


sd 


1h 


; . aa 
rea De ae sas packivok aot 


5) ee | 
’ te 
a I. 4S 
1 
Lopft iy 
= 
a 
° 
« Doe 
% 
Lag 
) 
T 
si? = 
“7 
Vi, 


Le 


; DS ot m 


Fy 


ap 


af ae 
14K Bes td ee ae i 
| Sas af Lande 


Seer) tT igniné ands oie ug 


el. uae - Re 
4) 4 e: . ‘= j A 7 4 " he. pe a * 
ace Fr. oe? ~ : a 
=e 4% a 2% wet ad 
5 ha 
rc? 2 ba é 2, j . * Z 
P| e Vs 2 - ‘ s sieas + ia 
> . Mm Let sig t et -t og eh) 
e t 36% Bo 3 2 Se. 
\ iy Pi 
Pus Goo ly] | Hees oe ‘“e 719 4 by 
a A r ‘ ; 4 he } i : te ce 
ai = =e ie dee SS ee 4 oF ier . 
Q r wr) K ne 
DUlont ew pho pied an Lose bent . " 
* a - = 4 : na = 
tSicOT8 Do Vel figaeeeed, els Lag spots 
ee “af ap: / wins am 7 " 
ee : : Stew Fi : 
lee: , i. : 
» } 
‘De 
ye, < 
- f F 
ei h y a / 
=) 
4 pet 
a a 
ri ' ; 


= 


LITERATURE REVIEW 


Factors recognized as influencing the eating quality 
and acceptability of poultry include tenderness, juiciness 
and typical poultry odor and flavor. Perhaps one of the 
most important criteria influencing the consumer's satis- 
faction with the eating quality of broilers is the flavor 
of the chicken meat. The effects of diet on the production 
of desirable or undesirable odors and flavors in poultry 
meat and eggs have been reviewed by Dawson and Bouwkamp 
(1969). Fishy flavor in poultry meat and eggs has long 


been attributed to poultry rations. 
Rations With Rapeseed Meal 


Although rapeseed meal is widely used in Canada as a 
protein supplement in broiler rations, studies of the ef- 
fects of rapeseed meal rations on the eating quality of 
broilers are limited. Recently, Yule and McBride (1976) 
reported that the inclusion of rapeseed meal at the 5% level 
(with or without lupin meal) had no detectable effect on the 
color, appearance, flavor, texture and general acceptability 
of broiler meat when evaluated by a trained taste panel. 
However, Yule and McBride (1976) speculated that levels of 
rapeseed meal above 5% in the ration may cause off-flavors 
in broiler meat. 


Other research conducted in Australia by Spurway (1972) 
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has shown that mutton obtained from sheep grazing on rape- 
seed crops may have "“off-flavors" similar to that of boiled 
cabbage. Park et al. (1972) found that the meat obtained 
from sheep that had grazed on rape had a nauseating aroma 
and flavor and received significantly lower flavor scores 
than meat taken from sheep which fed in other pastures. 
Further work by Wheeler et al. (1974) confirmed the occur- 
rence of a strong, unattractive foreign flavor in meat from 
sheep grazing rape, but the intensity of the flavor was not 
Consistent. The intensity of the off-flavor was not af- 
fected by cultivar, growth stage, length of grazing period 
or breed or age of sheep (Wheeler et al., 1974). 

Rapeseed meal has been implicated in the production of 
tainted eggs. Abnormalities in the odor and flavor of eggs 
from hens fed a diet containing 8% rapeseed meal were first 
reported by Vogt et al. (1969). The eggs in that study 
were found to have a mustard oil odor. A later study (Over- 
field and Elson, 1975) noted that eggs laid by hens fed 
diets containing either 6 or 9% rapeseed meal for 5 days 
had a characteristic "fishy" taint. No tainted eggs were 
produced following removal of rapeseed meal from the diets. 
Overfield and Elson (1975) also reported that as the per- 
centage of rapeseed meal in the ration increased from 0 to 
9% the incidence of egg taint increased. 

Leslie et al. (1973) fed much higher levels (20%) of 
Echo rapeseed meal than those usually recommended for laying 


hens (5%) and found that the eggs laid by White Leghorn hens 
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were similar in odor and eaoor to comparable eggs pro- 
duced by chickens fed a corn-soya control ration. 

Later work by Hawrysh et al. (1975) determined the 
effects of breed or strain of hen, level and type of rape- 
seed meal and the presence of a source of myrosinase in 
the ration on the incidence of off-odor and off-flavor in 
eggs. Results from those experiments indicated that scrambled 
eggs prepared from brown-shelled eggs laid by Rhode Island 
Red hens fed a diet containing 6.8% Span rapeseed meal had 
an off-odor and off-flavor. However, brown-shelled eggs 
from White Plymouth Rock pullets and white-shelled eggs 
laid by White Leghorn pullets had normal odor and flavor. 
Rations containing B. napus rapeseed meal at the 5% level 
and a source Of myrosinase resulted in the production of 
"fishy" scrambled eggs from White Plymouth Rock eggs. Thus, 
these findings (Hawrysh et al.,1975) indicated that the 
production of tainted eggs is influenced by several factors 
including breed of hen, type of rapeseed meal and the pre- 
sence of myrosinase. 

Further studies by Blair et al. (1975) investigated 
the effect on egg quality of feeding 5 or 10% Span rapeseed 
meal to several strains of laying hens. No egg taint was 
determined when eggs from White Leghorn hens were evalu- 
ated. However, the results of this study (Blair et al., 
1975) suggest that a high proportion of some strains of 
hens laying brown-shelled eggs were liable to produce 


tainted eggs when fed diets containing low levels (5%) of 
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6 
rapeseed meal. Bolton et al. (1976) found that fishy taints 
could also occur in white-shelled eggs of some hens of a 
strain of Brown Leghorns. 

Egg tainting is recognized as a complex problem (Hob- 
son-Frohock et al., 1973). Factors involved in the pro- 
duction of tainted eggs include type and amount of rapeseed 
meal (Hawrysh et al.,1975; Blair et al., 1975), the breed 
or strain of hen (Hawrysh et al., 1975; Bolton et al., 1976) 
and the individual hen within the breed (Blair et al., 1975; 
Bolton et al., 1976). Based on their research, Bolton et 
al. (1976) suggest that the production of tainted eggs is 
under genetic control, while Blair et al. (1975) propose 
that trimethylamine (TMA) metabolism in the hen is a possi- 
ble key to this complex problem. 

Studies in the United Kingdom by Hobson-Frohock et 
al. (1973) isolated TMA in the yolk of tainted eggs from 
a strain of hens which produced brown-shelled eggs. The 
eggs, described as having a "fishy" or "crabby" taint, were 
found to contain more than 1.0 ug TMA/g egg, whereas un- 
tainted eggs contained less than 0.1 ug TMA/g egg. Hobson- 
Frohock et al. (1973) observed that when TMA-hydrochloride 
(100 mg/day) was fed to laying hens tainted eggs were pro- 
duced within 6 days. In addition, tainted eggs were pro- 
duced by feeding a diet containing particular batches of 
rapeseed meal to selected chickens. Since the rapeseed meal 
contained less than 1 ug free TMA/g rapeseed meal, it 


would not provide an immediate source of preformed TMA. 
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Thus, these authors (Hobson-Frohock et al., 1973) stated 
that a dietary source of TMA or of TMA precursor in the ra- 
tion was necessary to produce taint in eggs. 

A second paper by Hobson-Frohock et al. (1975) sug- 
gests that the ability of the laying hen to metabolize TMA 
is involved in the production of egg taint and that this 
ability is probably controlled genetically. Since rapeseed 
meal contains a very low concentration of free TMA (Hobson- 
Frohock.et al., 1973), this study (Hobson-Frohock et al., 
1975) postulates that active rapeseed meal may contain 
either an inhibitor of genetically limited trimethylamine 
oxidase activity. or an excess of a precursor to TMA pro- 
duction. If a defect is present in susceptible hens which 
prevents the oxidation of TMA to TMA-oxide, which can be 
excreted, the blood concentration of TMA would increase and 
the eggs produced could be fishy. This theory may ae 
the) findings of) Blairvet al. ((1975)) ins which only certain 
strains of hens and certain individuals within the strain 
were found to lay tainted eggs. Bolton et al. (1976) postu- 
late that fishy tainting of the eggs from hens fed rapeseed 
meal was conditional on the presence of a single major auto- 


somal semi-dominant gene in the hen. 
Rations With Fish Products 


Fish meals have long been considered an excellent 


source of protein for the growing broiler and laying hen. 
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However, there is some concern regarding the use of fish pro- 
ducts in poultry rations on the production of fishy off- 
odors and off-flavors in the broiler meat. Early research 
by Carrick and Hauge (1926) found that the meat obtained 
from chickens fed a diet containing 2% cod liver oil had no 
off-flavor when tasted warm but possessed a slight abnormal 
flavor when tasted cold. Cruickshank (1939) observed that 
diets containing 2% cod liver oil and 2% cod liver oil plus 
15% high grade fish meal produced chicken meat with no off- 
flavor, but that 2% cod liver oil plus 15% low grade fish 
meal caused a slight but, definite fishy flavor in the dark 
Meat. Tepper et.al. (1939) found no serious off-flavors or 
off-odors in chickens fed diets containing 13% fish meal. 
Asmundson et al. (1938) reported no off-flavor in turkeys 
fed a ration containing 25% high grade fish meal. However, 
Asmundson et al. (1938) noted off-flavors in the turkeys 
when either 2 or 5% sardine or cod liver oil were added to 
the fish meal rations. Carlson et al. (1957) used a basal 
diet containing 5% menhaden fish meal (which contributed 
0.5% fish oil) and increased the level of oil in the diet 
by adding varying amounts of fish oil to the ration. These 
researchers (Carlson et al., 1957) feaund that between 1 and 
% added fish oil was the critical level which resulted in 
fishy and off-flavors in chicken meat. In contrast, Sala 
and Chiarella (1963) reported no fishy flavor in broilers 
fed 24% anchovy meal which contributed 1.4% fish oil to the 


diet. Hardin et al. (1964) observed that 15% solvent 
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extracted fish meal in broiler diets did not produce fishy 
flavor in broiler meat unless 1.5% fish oil was added to 
bring the total dietary oil content to 1.8%. “From these 
Ganlytstudies;, “Fry et alw (1965) concluded that:-(1)) fish 
Oil per se may exert a more serious effect on broiler flavor 
than oil added in the form of fish meal, (2) off-flavors be- 
come apparent when total dietary fish oils are in the range 
of 1.5 to 2.0%, and (3) the quality of the fish meal in- 
fluences the presence of fishy flavors in broiler flesh. 

In fact, Fry et al. (1965) substituted 100% high quality 
solvent extracted anchovy fish meal for soybean meal in | 
broiler rations without causing undesirable off-flavors in 
poultry meat. 

Investigating the use of menhaden’oil in broiler ra- 
tions, Edwards and May (1965) reported that the additon of 
as little as 2% menhaden oil to the ration imparted off- 
flavor to the meat of chickens fed the ration. Further re- 
search by Holdas and May (1966) determined the effect of 
feeding diets containing fish oil or fish meal with an equi- 
valent amount of oil on the flavor of broth, dark meat and 
skin of chickens. The results indicated that the fishy 
flavor in carcasses appeared after 15 days on the ration 
andJatiilow dWevels 1(2.5¢%)-of /totalmeish oll Levels of 
1.25% or less total fish oil in the ration could be used 
without causing any significant fishy flavor in the chicken 


meat (Holdas and May, 1966). 
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Rojas et al. (1969) replaced soybean meal protein with 
various levels of Peruvian anchovy meal (ranging from 2 to 
20%). Fish meal levels up to 8% caused no fishy or off- 
flavored chicken meat. However, levels of 10, 15 and 203 
Lush Meel-containingind 8) ses2eand «1 276% .dietary oil, re- 
sepctively, were associated with fishy and off-flavored meat. 

Differences in the type of fish meal and the methods 
of processing the fish meal may influence the development 
of fishy taints in poultry. Opstvedt (1971) noted that 
16% solvent extracted herring meal in broiler rations 
caused no fish taint in chicken meat, whereas when 16% 
Ordinary herring meal was fed to broilers, 13% of the judge- 
ments indicated fishiness. Wessels et al. (1973) found 
that carcasses of chickens which had received diets con- 
taining 20% solvent extracted anchovy or mackerel fish 
meals consistently had a chickeny flavor. However, when 
the diets contained either water or acid extracted fish 
meal, the resulting carcasses had a neutral flavor. Un- 
extracted fish meal and the triglyceride fraction of fish 
oil (at the 2.0% level) in the diet produced chicken meat 
with’ a®"fishy” taint. 

Early research by Miller and Robisch (1969) indicated 
that off-flavor in chicken meat resulting from continuous 
feeding of 1.5 and 2.5% herring and menhaden oil to broiler 
chickens was correlated with the increased deposition of 
20:5 w3, 22:5 w3, and 22:6 w3 fatty acids in the muscle 


tissues. 
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Opstvedt (1971) also reported a correlation between 
the flavor quality of the chicken meat and the content of 
C20:5, C22:5 and C22:6 fatty acids in the meat. Apparently, 
a level of 2% or more of these long chain polyunsaturated 
fatty acids in the meat produced by feeding 12% antioxidant 
stabilized capelin fish meal to chickens, caused flavor 
deterioration. However, Opstvedt (1971) noted that when 
the C20:5, C22:5 and C22:6 fatty acid content in the 
broiler meat reached a level of about 1%, which was achieved 
by feeding chickens a ration with 12% stabilized fish meal 
plus 8% ground-nut oil, excellent flavor quality was ob- 
tained. In addition, the inclusion of 8% ground-nut oil in 
a diet containing 12% stabilized fish meal resulted in a 
change in the fatty acid composition of the tissue fats. 
There was a marked reduction in the content of the C20:5, 
_C22:5 and C22:6 fatty acids and a compensatory increase in 
the content of the C18:1 and C18:2 fatty acids in the car- 
cass fat. The author, Opstvedt (1971), felt that these 
findings provided evidence that flavor deterioration in 
broiler meat was closely associated to the level of fat and 
fatty acid composition of the ration. 

More recently, Opstvedt (1974) observed that various 
dietary fatty acids were found at similar levels in the 
carcass fat of chickens. The chickeny flavor or the degree 
of fishy off-flavor in the broiler meat were dependent on 
the level of the w3 fatty acids present in the carcass fats. 


Four percent of the polyenoic marine fatty acids (C20:5 + 
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C22:5 + C22:6) in carcass fats obtained by feeding a ra- 


tion containing 15% antioxidant stabilized fish meal, gave 

a high degree of fishy off-flavor in the chicken meat. Low- 
ering the level of polyenoic marine fatty acids to 1.3 to 
1.4% in chicken carcasses by the addition of 8% ground-nut 
oil to the ration, resulted in chicken meat with no fishy 
off-flavor. 

Atkinson et al. (1972 a) found negative correlations 
between the level of C20:5 fatty acid and C22:5 + C22:6 
fatty acids in the chicken carcasses and the flavor scores 
given to meat samples, but the relationship was not stat- 
istically significant. These researchers (Atkinson et al., 
1972 a) suggest that factors other than the long chain 
highly unsaturated fatty acids or their breakdown products 


are involved in taint development. 


Rations With Fish Products Plus Added Amines 


A number of workers (Halloran, 1972; Atkinson et al., 
1972 b; Wessels et al., 1973) have evaluated the importance 
of certain amines or their precursors in producing off- 
flavors in broiler meat. Halloran (1972) reported that a 
diet containing TMA plus 0% fish oil produced a fishy fla- 
vor in only one out of 48 observations (2.1%). Feeding a 
control ration with 0.75% fish oil and no TMA produced no 
fishy flavor in the meat, however the skin of these broil- 


ers was designated as fishy in two out of 24 observations 


- é ‘es 
F * f 4 « { “ } a 


t Peat 


q r j : 
‘ 
S” ape vite S . 
V 
—_ é t , , 
> @ 
ai be) aon 
f >] , 
a he Ne 
F ' 
¢ he => {4 >), nat a 
t rt 1 ‘ 
ou 
H rey 
fois AIGUDORT 
es z : 
j rs { 3 
} ; 
| % ¥ 
bag A 
} 
el 
aay eat eROn LEH). 3 
i 
sa a J a . Sit ; 
i E 
th nt 
& ? 
f = ii Ps c ¥ 
BS 
vt ‘ 
J Sia res ; : Da 
: 
a 2. 
: > ye 4 
7 ime C5700 io fy S2i3., #i) + 
: a we 
HTL pe J zu Ge, 
1 af ; a 
Lr hes, Le ERY oD Pace chs ‘ 
, : 
Ey is 
bah FA gs in é $ 
y aire 2c Jim or bal ax ‘ee Ar‘: 
‘ z / 


i “ wii adeity Rex i as ia / 1 3 p | va | | 08 
<) if me S at > ie 2 S! = ne 2 ves vane > 
is we 5 if ote 


£3 


(8.3%). More Bbectyacioae of fishiness for meat (8.33%) 

and skin (12.5%) resulted when TMA and 0.75% fish oil 

were added to the basal diet and fed to broilers. Halloran 
(1972) also noted that the addition of TMA, with or without 
0.75% fish oil, resulted in off-flavors other than fishy, 
but that increasing the level of fish oil did not increase 
off-flavor observations in the TMA treatments. All off- 
flavors (i.e. including fishy flavor) were more pronounced 
when 0.101% TMA was included in the ration. The most fre- 
quently mentioned off-flavors (in decreasing order) were 
bitter, Lishy, strong, fish; oil and oily. 

Atkinson et:'al. (1972 b) observed that neutral chicken 
flavor was produced when chickens were fed 8% stabilized 
fish meal (containing 9.7% total fat) in the ration, but 
that the addition of amines (TMA, ethanolamine (EtA), 
and choline chloride) or their precursors to the diets con- 
taining fish meal depressed flavor scores of the chicken 
in most instances. A significant decline in flavor scores 
resulted from the addition of amines to a ration containing 
fat-free fish meal (0.2% total fat). However, the addition 
of these amines to a diet containing no fish meal did not 
cause a significant drop in the flavor scores of chicken 
(Atkinson, et al.., 1972.b)... The authors (Atkinson et:al.i, 
1972 b) suggest that amines cannot be solely responsible 
for taint development in broiler meat and that the presence 
of fish oil or a constituent of fish meal is needed, in 


addition to high levels of amines, to cause the off-flavors. 
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Wessels et al. (1973) found that the addition of 


amines (TMA, EtA, and choline) aggravated fishy taints 

which were produced when broilers were fed either 20% un- 
extracted fish meal or the triglyceride fraction of the 

fish oil (at the 2.0% level). Chickens fed a ration con- 
taining 20% solvent extracted fish meal without amines pro- 
duced meat with a consistently good chicken flavor. Un- 
fortunately, Wessels et al. (1973) did not add amines to 

the ration containing 20% solvent extracted fish meal to test 
the effect that such an addition would have on chicken meat 


flavor. 


Storage 


According to Klose (1968) about 30% of the uncooked 
chicken, 80% of the turkey and almost all further processed 
poultry products in the United States are commercially 
frozen. Generally, fresh broiler chickens are frozen in 
the home by consumers if they are not to be cooked immedi- 
ately. Preservation by freezing should have no detrimental 
effect if processing, packaging, freezing, storage and 
thawing operations are properly conducted (de Fremery and 
Sayre, 1968). In order to maintain original high quality, 
especially if poultry is to be stored longer than six months, 
Tressler and Evers (1957) recommended that three conditions 
should be satisfied: (1) the storage temperature should be 


very low and uniform, (2) the relative humidity should be 
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15 
high, and (3) the poultry products should be well-wrapped 


in moisture-vapor-proof material. If storage temperature 
is maintained at -18° or below with minimal temperature 
fluctuation and the poultry is properly packaged, the pro- 
duct should be stable for a year and possibly two years 
(de Fremery and Sayre, 1968). 

The ultimate consideration regarding frozen poultry 
is palatability and consumer acceptance. Differences in 
eating quality between fresh and frozen chicken have gen- 
erally been small, however investigators do not agree on 
the effects that freezing and frozen storage have on the 
eating quality of poultry. Early work by Stewart et al. 
(1945) reported that trained panelists rated all palatability 
characteristics evaluated in fresh broilers slightly high- 
er than those characteristics evaluated in chickens frozen 
and stored at -23° for 23 days, although the differences 
were not significant. However, with longer storage the 
scores for aroma, flavor, juiciness and tenderness for the 
frozen broilers decreased, and the differences between the 
fresh and frozen chickens became highly significant after 
51 days of frozen storage. Khan and van den Berg (1967) 
claimed that freezing caused a small but significant loss 
of eating quality, although none of the frozen samples were 
considered unacceptable. 

May and Saffle (1964) reported no significant differ- 
ences in organoleptic quality between frozen and ice-packed 


halves of the same chicken stored up to 14 days. In fact, 
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mean flavor scores for white and dark meat were slightly 


higher for the frozen than for the ice-packed halves on 
eight of the ten days tested (May and Saffle, 1964). Spen- 
cer et al. (1961) observed no significant differences in 
flavor between fried meat samples from frozen and fresh 
broilers. However, in evaluating extracted broth, the 
taste panel found that broth from fresh chicken had sign- 
ficantly higher flavor intensity than.the broth from com- 
parable frozen broilers. 

Several consumer studies have considered the accept- 
ability of fresh versus frozen chicken. Mountney et al. 
(1960) observed that half of the consumers preferred sam- 
ples of fresh chicken over samples from comparable frozen 
chickens stored for 3 months. When the frozen storage 
period was extended to 9 months,3 out of 5 consumers pre- 
ferred the fresh sample. These researchers (Mountney et 
al., 1960) concluded there is enough difference in the 
£lavor sof frozen) chicken stored ?3/and “9 months to create 
a slight resistance toward this product. From a rather 
extensive consumer survey Brant et al. (1965) indicated 
that over 3/4 of the consumers preferred fresh broilers to 
frozen broilers, although over 2/3 of these consumers sub- 
sequently froze the broilers at home. Winawer and May 
(1964) reported consumer reluctance in purchasing frozen 
chicken. However, 63% of the consumers froze chicken at 


home even if they planned to cook it within one or two days. 
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Storage and Ration 


Few studies have determined the effect of various 
rations on the frozen storage stability of poultry. In 
their study Klose et al. (1951) investigated the role of 
dietary. fat, in diets*containing 5%, linseed .oiliwith or 
without 10% fish meal (which contributed 0.6% fish oil), 
on the quality of fresh and frozen, stored turkeys. Klose 
et al. (1951) noted that the fatty acid composition of 
carcass fat, which reflects the fatty acid composition of 
the dietary fat, plays a decisive role in the storage life 
of turkeys. Darrow and Essary (1955) concluded that the 
addition of low levels of beef tallow, hydrolyzed cotton- 
seed fats and soybean fats to broiler diets did not in- 
crease or decrease the storage life of the poultry. The 
organoleptic scores for aroma, flavor and juiciness in- 
dicate that broilers which received the additional fats in 
the diet were comparable to controls after 6 and 9 months 
storage at -12.8 to -20.5° (Darrow and Essary, 1955). 

Marion and Woodroof (1963) also found that the fatty 
acid composition of the skin, breast meat and thigh meat 
tended to reflect the composition of the fats included in 
the diet. Although the total lipid level in chicken muscle 
tissues is low, the authors (Marion and Woodroof, 1963) 
stated ehareene long chain polyunsaturated fatty acid com- 
position of the muscle tissue may provide an explanation 


for the relative ease with which broiler meat oxidizes 
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18 
during storage. 


Using the TBA test, Salmon and O'Neil (1973) studied 
the effect of feeding diets containing 11.4% of either 
rapeseed oil or palm oil to turkeys on the stability of 
the abdominal depot fat of turkeys stored for eight months 
at either -12° or -22°. Neither depot fat nor thigh meat 
of turkeys fed either rapeseed oil or palm oil were affected 
by storage at -22°. However, at -12° the depot fat of 
turkeys fed rapeseed oil became rancid. This loss of qual- 
ity at -12° was associated with higher levels of linoleic 
and linolenic acids in the lipid of the depot fat from 
turkeys fed 11.4% rapeseed oil. The stability of breast 
lipid was not affected by storage at either temperature 
(-12° or -22°). According to Salmon and O'Neil (1973), 
the use of unsaturated oils in poultry rations, which re- 
sults in increasing unsaturation of carcass fat, will re- 


quire greater emphasis on proper handling and storage. 
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EXPERIMENTAL PROCEDURE “ 


Experimental Design and Statistical Analysis 


Broiler chickens were evaluated according to a design 
which provided for four rations (see Table 1, page 22, for 
ration composition), three replications (killing times), 
three storage treatments (fresh, short frozen storage (18 
days) and long frozen storage (6 months)), and four cooking 
times. Therefore for each of the four cooking times, there 
was one chicken per ration per killing time per storage 
combination. 

Figure l shiat tees the method of asSigning chickens to. 
the treatments. For each replication (WI,WII or WIII), after 
elimination of extremes in weight, twelve chickens of similar 
size were randomly chosen from the fifty chickens representing 
each ration. Four chickens per ration were then randomly as- 
Signed to one of the storage periods; fresh (Sj), short frozen 
(S.) or long frozen (S,) and also to one of the four cooking 
C 


times (Cl, € or C,)- Consequently at one cooking time, 


Que eS 
four chickens (one from each ration treatment) were cooked. 
This procedure was repeated for each of the three replications; 
therefore, fresh broiler chickens were evaluated for the three 
successive weeks following delivery of the chickens. Chickens 
frozen for a short period of time were evaluated for the next 
three weeks and after six months, the chickens assigned to the 


long frozen storage treatment were evaluated for a three week 


period. 
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Figure l. 
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Experimental design for assigning chickens 
to each treatment 


va or WIII* 
Sos : 


etc etc etc 


etc etc 


* replication (killing time) repeated for three consecutive weeks 


WI, WII, WIII - WI= Oct. 21, 1975; WII = Oct. 28, 1975; and 


WIII = Nov. 5, 1975 


RL - Soybean meal (Control) ration (SBM) 
R, - Soybean meal ration with high fat and fiber content (SBMF) 
R, ~ Rapeseed meal ration (RSM) 
Ry, - Rapeseed meal ration with herring meal, DL methionine 
and choline chloride (RSMHM) 
rT ~ Fresh storage 
Sy - Short frozen storage (18 days) 
8. - Long frozen storage (6 months) 
C,> Cos C C, - Time of cooking of 4 chickens from each of the 4 


rations within each killing by storage combination. 
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21 
Data were analyzed using analyses of variance. Sources 


of variation were ration (n=4), replication or killing time 
(n=3), storage (n=3), cooking time (n=4) and for taste panel 
data, panelists (n=6). The design of the experiment, 
described earlier, was a split-plot with whole units con- 
sisting of the twelve ration by killing time combinations. 
Sub-units consisted of storage periods and in taste panel 
studies the units within storage sub-units were panelists 
(le. sub-sub-units). Means within significant sources of 
variation were compared using Duncan's New Multiple Range 


Test at P <0.05 (Steel and Torrie, 1960). 
Chickens Used for the Study 


Three trials, involving 200 broiler chickens in each, 
were conducted. For each trial, White Mountain-Hubbard 
chicks were hatched weekly for three consecutive weeks at 
the University of Alberta farm. After each hatching, dup- 
licate lots of 25 one-day old male chicks were placed on one 
of two experimental rations containing either 15% Span 
rapeseed meal (RSM), or 15% Span RSM, 5% herring meal, 0.1% 
DL methionine and 0.05% choline chloride (RSMHM). The 
latter ration was devised to provide a high level of methyl 
groups. A 28% soybean meal (SBM) control ration and a 
control ration containing a high fiber and fat content 
(SBMF) were also included. The SBMF ration was included to 


provide a fiber and fat content similar to that of the RSM 
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Table 1. Composition of the rations fed to broiler chickens. 


Rations 


Ground wheat (13% protein) 62 51.95 53.45 55.05 
Wheat shorts 1.67 0.17 0.17 297 
Stabilized fat 3 6.3 6.3 SON 
Dehydrated alfalfa meal 

(17% protein) iL 1 1 1 
Soybean meal (48.5% protein) 28 Slezo £9375 i bi ee ts) 
Rapeseed meal (36% protein) - - 15 15 
Herring meal (75% protein) - - - 5 
Solka-floc | _ cS - - 
Ground limestone hfe 1 LoD ue) 
Calcium phosphate 1.75 175 1275 Laws 
Iodized salt 0.25 0.25 0.25 0.25 
Manganese oxide 0.02 0.02 0.02 0.02 
Zinc oxide 0.01 0.01 0.01 0.01 
A-D premix * 0.25 0.25 0.25 0.25 
Broiler vitamin mix* 0.5 0.5 0.5 0.5 
Amprol 0.05 0.05 0.05 0.05 
DL Methionine = = = 0.1 
50% Choline chloride - retain - 0.1 


lsoybean meal (control) ration 

Soybean meal ration - high fat, high fiber content 
Rapeseed meal ration 

Rapeseed meal and herring meal ration with added 

methyl groups 
*Supplied the following levels per kilogram of ration: 
Vitamarieay SO00 si sU ss) VitacineDe 600 me Co. Vitamins, 
NOME Oe ov CaN TE Rigs ae ING); Ribotiarca, 4 mg; Calcium panto- 
thenate, 5 mq; Niacin, 20 mq; Choline chloride, 60 mg; 
Folic acid,.1 mg; Vitamin Boos 10 mcg; and DL methionine, 
PAPE OG ie 
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ration. The exact composition of each ration treatment is 
shown in Table 1. All rations were kept isocaloric and 
isonitrogenous. The diets were fed to the chickens ad 
libitum for eight weeks. All broilers were maintained under 


Similar housing and management conditions. 


Treatment of the Chickens for Laboratory Work 


After eight weeks on the rations, the broiler chickens 
were commercially killed, eviscerated, chilled and delivered 
to the Home Economics Building, University of Alberta. The 
chickens were then refrigerated (2°) for 24 hours. Twelve 
undamaged chickens (six from each lot) were selected rand-~ 
omly from each ration. The chickens were washed carefully 
and drained prior to random assignment to one of the three 
storage periods; fresh, short frozen storage (18 days), or 
long frozen storage (6 months). Chickens assigned to frozen 
storage were weighed, vacuum packaged in Cryovac bags, 
sealed and labelled for identification. The packaged chick- 
ens were frozen (-32°) and stored (-29°) for later evaluation. 
Chickens assigned to the fresh storage period were treated 
in a manner similar to that described for the frozen chickens 
except that the fresh chickens were placed in polyethylene 
bags, sealed and refrigerated at 2° until used. 

Prior to use, packaged frozen chickens were defrosted 
(on shallow, preweighed pans) for 48 hours in a refrigerator 
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Cooking Procedure 


Before cooking, the neck and wing tips were removed 
from each chicken and retained for preparation of broth. 
Each trimmed chicken was placed breast side up on an alum- 
inum roasting pan (38cmX25cmX2cm) fitted with a wire rack 
(25cmX20cm with 1.5cm legs) (Figure 2 ). .The internal 
temperature and cooking time of each chicken was monitored 
with two copper constantan thermocouples and a Honeywell 
recording potentiometer. One thermocouple was inserted into 
the thickest part of the left thigh muscles at a 45° angle 
to the fenur for a distance, of 3.5 = 0.5 cm. The second 
thermocouple was inserted into the thickest part of the left 
breast (pectoralis major muscle) from the posterior end, 
2.54 cm from and parallel to the keel bone for a distance of 
4.0 as 0.5 cm, following a modified method of Larmond (1975). 
Chickens were individually roasted in household electric 
ovens (Frigidaire, model RDG 3093) at 163° until an average 
internal temperature of 89° was reached. The positioning of 
the thermocouples and the internal temperature required to 
ensure adequate doneness were established in preliminary 
work. 

After cooling to 50°, each cooked chicken was stripped 
of surface skin and external fat. The chickens were dis- 
sected and the breasts, thighs, legs and upper wings were 
individually wrapped in plastic wrap (Saran) and aluminum 


foil and stored in a refrigerator (2°) for 18 hours until 
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Figure 2. Positioning of thermocouples for cooking chicken. 
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used for subjective and objective measurements. 


Preparation of Broth 


The neck and wing tips trimmed from each raw chicken 
were used to prepare broth following a modified procedure of 
Pippen et al. (1954). The neck was cut into three pieces 
and the wing tips were cut in half at the joint. The chicken 
pieces were combined with an equal weight of distilled water 
in a stainless steel saucepan (1 quart). No seasoning was 
added. After the uncovered mixture had heated rapidly (high 
setting) to the boil, the heat was reduced to low and the 
saucepan covered. The broth was allowed to simmer, with 
occasional stirring, for 3 hours us 10 minutes. At the end 
of the cooking period, the solids were discarded and the 
broth was strained through fine cotton cloth. Boiled hot 
distilled water was added to compensate for the weight of 
liquid lost by evaporation. The broth was then decanted 
into a separatory funnel (250 ml) and the fat was allowed to 
accumulate at the top. The aqueous layer was withdrawn into 
a beaker (400 ml). The beaker of broth was tightly covered 
with plastic wrap (Saran) and a piece of aluminum foil, and 
refrigerated (2°) until used (18 hours) for subjective and ob- 
jective measurements. Throughout the study, precautions were 
taken to ensure that the same saucepans and separatory funnels 


were always used to prepare broths representing each ration. 
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Objective Measurements 


All objective measurements, except for thaw loss, were 
made on cooked meat. Sampling techniques for the objective 


tests were standardized during the preliminary work. 


Thaw Loss 

Thaw loss of frozen chickens was determined and express- 
ed as a percentage, based on the weight of the raw chicken 
prior to freezing. 
Cooking Losses 

Percentage total, volatile and drip losses, based on 
the weight of either the fresh, trimmed chicken or defrosted, 


trimmed chicken, were calculated. 


pH 

A Fisher Accumet Model 230 pH/ion meter was used to 
determine the pH of the cooked light meat and the broth. 
For pH determinations of the light meat, a 20 gram sample 
was removed from the posterior end of the right breast of 
each chicken (Figure 3 , page 29). The sample was 
blended with 100 ml distilled water for one minute and 
filtered into two beakers to give duplicate readings. The 
pH of the broth was determined on the broth remaining after 
samples were removed for the taste panel. Duplicate read- 


ings of broth pH were taken immediately before taste panel 


sessions. 
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Taste panel samples 


* Numbers indicate sample position 


Figure 3. Location of samples for objective measurements 
and subjective evaluation of light chicken meat. 
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Fat and Moisture 


The percentages of fat (ether extract) and moisture 
were determined by the methods of the Association of Offic- 
ial Agricultural Chemists (AOAC, 1965). Cooked muscle 
tissue from the proximal portion of the wings and from the 
legs of each chicken were frozen and stored for 4 to 6 weeks 
at -29°. Immediately before testing commenced, samples were 
thawed (in a refrigerator (2°) for 17 hours), ground and 
mixed thoroughly. Percentage moisture was determined by 
freeze-drying each of the samples and then drying them for 
an additional 18 hours at 105°. A Goldfisch extraction 
apparatus was used to determine the percent ether extract 
(fat). For each replication, duplicate determinations were 
made on each of two chickens representing each ration by 
storage treatment. 

Thiobarbituric Acid Values (TBA) 

Thiobarbituric acid (TBA) values, for the determination 
of oxidative rancidity, were obtained using the method of 
Tarladgis et al. (1964) with the following modifications. 
Duplicate 5 gram samples of ground tissue (removed from the 
back of a designated cooked chicken) were blended with 50 ml 
of glass distilled water for two minutes. A second set of 
samples from the same chicken, was blended with Poe? M 
1,1,3,o-tetraethoxypropane *(THP) for percent recovery deter— 
minations. The resulting slurries were quantitatively 
transferred, with 50 ml glass distilled water, into funnels 


lined with Whatman No. 1 filter paper. The filtrates 
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were acidifed with hydrochloric acid and distilled ona 


Kjeldahl apparatus until 50 ml of distillate collected in 
each of two 50 ml volumetric flasks. Two 5 ml aliquots from 
each flask were pipetted into test tubes and 5 ml of 0.02 M 
2-thiobarbituric acid in 90% glacial acetic acid was added. 
The test tubes were stoppered, placed in a boiling water 
bath for 45 minutes and then allowed to cool for 10 minutes. 
Absorbance was read against an appropriate reagent blank at 
532 nm using a Pye Unicam SP 1800 Ultraviolet Spectrophoto- 
meter. For each replication, duplicate determinations were 
made on each of two chickens representing each ration by 
storage treatment. 

Standard curves were prepared as outlined by Tarladgis 
et al. (1960). The TBA number was calculated by multi- 
plying the absorbance by K constants obtained from the 
standard curves and the known dilutions according to Tar- 
ladgis et al. (1960). 

Monocarbonyl Analyses 

Monocarbonyls (mg/g fat) were determined by a modified 
method of Schwartz et al. (1963). Carbonyl-free hexane, 
(prepared as described by Hawrysh and Stine, 1973), was used 
to extract the fat from the cooked chicken skin and from 
the pan drippings resulting from cooking the chickens. 

Water was removed from the hexane-lipid solution by adding 
anhydrous granular sodium sulfate. The hexane-lipid mixture 
Woe vacuum filtered and the filtrate was centrifuged (10,000 


rpm for 15 minutes). The supernatant was decanted and 
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duplicate samples of known volume (10 to 15 ml) were dried. 
After the weight of fat per ml supernatant was calculated, a 
volume of the hexane-lipid mixture corresponding to 8 to 10 
grams of fat was added to each of a pair of duplicate 2,4- 
dinitrophenyl hydrazone (DNPH) reaction columns, which had 
been prepared as described by Schwartz et al. (1'9'63)*" The 
column was flushed with carbonyl-free hexane until the 
effluent had the same spectral properties as that of the 
carbonyl-free hexane which had passed through the reaction 
column prior to sample addition. The hexane was evaporated 
from the solution over steam with nitrogen. The lipid 
material was removed from the hydrazones with a Celite 545- 
Sea Sorb column according to the procedure of Schwartz et 
al. (1963) as modified by Anderson (1966). Elution of the 
hydrazones from the column was effected with 175 ml of 
chloroform-nitromethane solution (3:1 v/v). The carbonyl 
solution was evaporated completely and a known volume of 
hexane was added to dissolve the hydrazones. The solutions 
passed over an activated alumina column to remove keto- 
glycerides and decomposition products. (Schwartz et al., 
1963). Elution of the monocarbonyl fraction was effected 
with 70 ml benzene-hexane solution (1:1 v/v) (Schwartz and 
Parks, 1961). The optical density was read at 360 nm and mg 
monocarbonyls/gm fat was calculated using the formula of Day 
(1965). Duplicate determinations were made on each of three 
chickens taken from each ration by storage treatment combin- 
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Warner Bratzler Shear 


Samples for Warner Bratzler shear measurements were 
taken from the left breast (light meat) and the left thigh 
(dark meat) as shown in Figures 4 and 5 . The locations 
used for shear measurements corresponded to the anatomical 
position on the right side of the chicken which was utilized 
for subjective evaluation. 

For shear measurements on light meat, two 1 cm slices 
cut parallel to the grain near the anterior end of the left 
breast were removed and trimmed to yield cores (lcm X lcm X 
muscle width). Each of the cores was sheared twice at 1.3 
cm intervals using a Warner Bratzler Shear Apparatus equipped 
with a 22.7 kg dynamometer. The overall shear value of each 
light meat chicken sample was the average of four shear 
readings. 

Dark meat samples for Warner Bratzler shear measure- 
ments consisted of a composite muscle sample from the left 
thigh. The meat was removed from the bone according to the 
method utilized for subjective evaluation. A lcm xX 1 cm 
core was cut down the length of the largest piece of muscle 
tissue (Figure 5 ). Four shear measurements were made at 
1.3 cm intervals along the length of the core. The four 
readings were averaged to give an overall Warner Bratzler 
shear value for dark chicken meat. 

Water Holding Capacity (WHC) 
Water holding capacity (WHC) of cooked light meat 


samples was determined by the method of Miller and Harrison 
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Left Breast 


* Numbers indicate shearing order. 


Figure 4. Location of samples for Warner Bratzler shear 
measurements of light chicken meat. 
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Left Thigh 


* Numbers indicate shearing order. 


Figure 5. Location of samples for Warner Bratzler shear 
measurements of dark chicken meat. 
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36 
(1965), with modifications suggested by Forbes (1973). 


Triplicate 0.5 gram samples from the right breast of each 
chicken (Figure 3 , page 29) were placed between a sheet 
of Whatman No. 1 qualitative filter paper and a piece of 
aluminum foil, and alternately stacked between four plexi- 
glass plates. This unit was pressed in a Carver Laboratory 
Press under a total pressure of 878.8 kg/em* for 30 seconds. 
The area of the pressed meat and the expressed fluid 
were determined using a Hughes-Owens compensating planimeter 
(Model 349-1838). The ratio of the area of the pressed 
chicken meat to the area of the expressed liquid was desig- 
nated as the expressible liquid index. Unity arbitrarily was 
assumed as the maximum expressible liquid index for any 
particular cooked chicken sample, and the relative WHC was 


1.00 minus expressible liquid index (Miller and Harrison, 


9G >) ae 
Subjective Evaluation by a Trained Panel 


A six-member taste panel consisting of graduate stud- 
ents and staff members from the Faculty of Home Economics, 
University of Alberta, participated in the study. Panel 
members Bees selected on the basis of their ability, inter- 
est in the study and availability for the duration of the 
study. 


Training Sessions 


Training sessions for light and dark chicken meat and 
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broth were conducted four times per week for a seven-week 


period. During the training, panelists were gradually ac- 
quainted with panel procedures, definitions of terms and the 
types of testing techniques to be utilized. Taste panel 
members evaluated samples of light and dark chicken meat and 
broth representing the SBM, RSM and RSMHM rations, and 
chickens available on the commercial market. In addition, 
panelists were trained to distinguish differences between 
the odor and flavor of fresh, good quality chicken meat and 
broth, and the odor and flavor of "fishy" chicken meat and 
broth. "Fishy" or "off" samples used in the training sess- 
ions were obtained by storing pieces of cooked chicken in a 
closed container with herring meal, or by adding the juice 
of either canned crab or water-packed tuna to the broth. 
Light meat and dark meat samples were evaluated for 
odor, flavor, juiciness, tenderness and overall accept- 
ability on a seven-point scale, with 7 representing the 
highest intensity and 1 indicating the lowest intensity. 
penredar as and instructions to the judges are included in 
the Appendix, Figures 1 and 2, pages 108 and 109. A list 
of descriptive terms (Appendix, Figure 3, page 111) was. 
provided to judges to aid in the evaluation of odor and 
flavor. In judging the odor (initial impression) and flavor 
(impression after continued chewing) of the chicken meat, 
panelists were asked to state reasons for assigning a score 
OE three or less. The juiciness (based on three chews) of 


chicken samples was evaluated using a technique in which 
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standard foods served as anchors (McLandress, 1972; Forbes, 


1973; Smith, 1976). The food standards relating to the anchor 
scale for juiciness of beef (Smith, 1976) did not seem to be re- 
lated to chicken, thus, judges established an anchor scale 
for the juiciness of both light and dark chicken meat. 
Garbanzo beans (El Paso brand) were rated as a "2", or dry, 
while dark seedless raisins (Woodward's brand) were assigned 
a score of "5", or juicy. At the beginning of each panel 
session, the anchor foods were tasted to establish a range 
for the intensity of juiciness of the light and dark meat 
Samples. Each panelist standardized her tenderness scores 
by the number of chews required to completely masticate a 
one cm cube of chicken. Overall acceptability was evaluated 
on a desirability scale of 7 (extremely desirable) to l (ex- 
tremely undesirable). 

The odor and flavor of broth samples were evaluated 
using a Multiple Comparison Test. Judges scored each of the 
coded samples in comparison with the reference (SBM control 
ration) sample. The scorecard for this test is included in 
the Appendix, Figure 4, page 112. A descriptive five-point 
scale, with 5 indicating "no difference’ from the reference 
and 1 indicating an "extreme difference" from the reference, 
was used for scoring. Panelists evaluated the broth samples 
under red lights so that any color differences in the broths 
that might bias the judges' evaluations were masked. 

Judges were considered sufficiently trained when each 


panelist scored the light meat, dark meat and broth samples 
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consistently from day to day. A range of two points on the 
seven-point scale for meat samples and a range of one point 
on the five-point scale for broth samples was considered as 
a minimum variability. 

To ensure the panelists' acuity, additional panel sess- 
ions were scheduled for four weeks prior to the evaluation 
of samples from the long storage treatment. Chickens repre- 
senting the SBM, RSM and RSMHM rations were obtained from 
the University of Alberta farm immediately before the re- 
fresher sessions and held frozen until used. 

Method of Evaluation 

The six panelists each evaluated four sets of coded 
light meat samples, coded dark meat samples, and broth 
Samples at each panel session employing the techniques 
developed during the training period. Taste panel sessions 
were held at 10:45 a.m. and/or 2:15 p.m. four times per week 
in an air-conditioned room designed specifically for the 
subjective evaluation of food and equipped with individual 
booths. Each panelist received a tray containing the coded 
light meat samples (two cubes representing each ration 
treatment), the food standards for juiciness, the approp- 
riate set of evaluation forms (Appendix, Figures 1 to 4, 
pages 108 to 112 , respectively), and other necessary items. 
Panelists were provided with unsalted soda crackers and 
water at room temperature to remove any residual aftertaste 
from the mouth between tasting samples. As each judge 


finished scoring the light meat samples, a set of warm, 
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40 
coded dark meat samples was presented for evaluation. 


Panelists were given a short break before broth samples were 
distributed. A set of five teaspoons was given to panelists 
for scoring the broth samples. 

The trays were prepared immediately before panel sess- 
ions to ensure freshness of the standards and the samples. 
The position of samples for light and dark meat was rotated 
for each judge at each panel session and the order in which 
the meat samples and the broth samples were presented was 
randomized. 

Sampling Procedure for the Trained Panel 

All sampling procedures were standarized during pre- 
liminary work. 

Ls Light Chicken Meat 

The light meat from the right breast was cut into 
pieces as illustrated in Figure 3, page 29 . The anter- 
ior (curved) end of the breast was removed following the 
grain of the pectoralis major muscle. Four 1 cm thick 
slices were cut and 1 cm cubes were removed from each slice 
(Figure 3). Two 1 cm cubes from each ration treatment 
were placed on a coded plate, covered with plastic wrap 
(Saran) and allowed to stand 30 minutes in order to reach 
room temperature (22°). 

25 Dark Chicken Meat 

A composite muscle sample from the right thigh was used 

for subjective evaluation of dark meat (Figure 6). The in- 


side portion of the thigh, including the sartorius and 
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Right Thigh 


* Numbers indicate sample position. 


Figure 6. Location of samples for subjective evaluation 
of dark chicken meat. 
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iliotibialis muscles, was utilized for five of the six sets 


of samples. The sixth pair of taste panel samples was obtain- 
ed from meat at the top of the femur near the proximal joint. 
The meat was slit along the bones and then carefully separ- 
ated from the bones. The 1 cm slices, cut perpendicular to 
the grain of the top muscle (iliotibialis), were cut into l 
cm cubes so that a pair of cubes came from adjacent posi- 
tions (Figure 6). 

The cubes of dark meat representing a particular ration 
were placed individually in a covered casserole dish (17.5 
cmX25cmX7.5cm) . The dishes (containing all the samples) 
were subsequently set in large pyrex pans containing hot 
water (65 5°). The entire system was held for 20 minutes 
at low heat on a Salton Hotable Tea Cart (Model H - 156w ) 
until the samples were evaluated by the panelists. (Modi- 
fied procedure of Ferger et al., 1972). The warm samples 
were placed on hot coded plates and presented to each of the 
judges. 
ah Broth 

One and one half hours before evaluation, broth samples 
were removed from the refrigerator. Each covered broth 
sample was placed individually in a Corningware saucepan 
(1/2 quart) .containing, boiling water. . The broth samples 
were warmed until they were liquified (medium heat for 10 
minutes). Ten ml samples of broth were poured into coded 50 
ml beakers and the beakers were covered with small watch- 


glasses. Prior to distribution to judges, the broth samples 
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were heated for 10 minutes on two Salton hottrays (Models 
H 120, Series E and H 920, Series P) set on low. To ensure a 
temperature of 55 a 5° during evaluation, broth samples were 
placed in aluminum pans (20cmX20cmX4cm) filled with hot sea 
sand: (heated in an oven at 107° for 45 minutes) and then 
presented to the judges. 

Two broth samples prepared from chickens fed the SBM 
ration served as the reference sample, and a set of four 
broth samples from chickens fed each of the rations (SBM, 
SBMF, RSM and RSMHM) made up the complete set of broth 


samples evaluated by each judge at each panel session. 


Subjective Evaluation by a Consumer Panel 


Experimental Design and Statistical Analysis 

The consumer evaluation of chickens was conducted using 
a modified procedure of Winawer and May (1964). Three 
District Home Economists, employed by Alberta Agriculture in 
three areas of Alberta (Camrose, Ponoka and Vegreville), 
each randomly selected 50 consumer households which were 
willing to participate in the study. The home economists 
distributed the chicken samples and a questionnaire to the 
participants, acted as resource people for queries and 
collected the results. 

The McGuire-White social class index ( McGuire 
and White, 1955 ) served as a basis in developing the 


questionnaire (Appendix, Figure 5 , page 113). The 
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information obtained from the questionnaire was tabulated to 
provide a description of the consumer population that took 
part in the study. The results of the consumer evaluation 
of the quality of the chickens and the preference ratings 
for broilers representing the different rations were tabu- 
lated. The data were analyzed using analyses of variance 
and means were tested for significance using Duncan's New 
Multiple Range Test (Steel and Torrie, 1960). 
Chickens Used for the Consumer Study 

Broiler chickens remaining after initial allotment of 
chickens to storage treatments for laboratory work were 
cleaned as described on page 23. Each chicken was identi- 
fied with double wing tags, vacuum packaged in a Cryovac 
bag, frozen at -32° and stored at -29° for six weeks. To 
avoid presenting the participants with too many samples, 
only chickens raised on the SBM, RSM and RSMHM rations 
(Table 1 , page 22) were used in the consumer study. 
Just before sample distribution to consumer participants, 
the frozen chickens were sawed in half and each chicken half 
was individually vacuum packaged in a Cryovac bag. Consumer 
packets containing three coded frozen half-chickens, a 
questionnaire, an instruction sheet, a scorecard (Appendix, 
Figures 5, 6 and 7, pages 113 to 118 ) and a small inforn- 


ation booklet on chickens, were assembled. 


loooking Alberta's Chicken - Alberta Broiler Growers Market- 
ing Board Publication 
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Cooking Procedure 


A copy of the instruction sheet given to consumers is 
included in the Appendix, Figure 6% ,t pages i l5irs Bach 
homemaker was instructed to defrost the chicken halves in 
their packaging, at either room temperature or in the re- 
frigerator. The thawed samples were removed from their 
packaging and each defrosted, coded chicken-half was indiv- 
idually drugstore wrapped in aluminum foil. The foil- 
wrapped chicken halves were placed on a rack in a baking pan 
and cooked at 176° until done. This procedure prevented the 
cooking juices and odors from mingling in the oven. Par- 
ticipants were informed not to add any herbs or spices to 
the chickens, except for a small amount of salt if desired. 
Method of Evaluation 

Two-thirds of the participants scored the chickens 
according to the randomized order listed on their score- 
cards. One-third of the wing tags on the frozen chickens 
were not visible to the researcher and could not be random- 
ized for panelist evaluation. Thus, the participants 
scoring these chicken halves were asked to write the code 
number of each chicken in the space provided on the score- 
card as they scored each sample. 

The participants evaluated the odor, flavor and overall 
acceptability of each half-chicken individually using a 5- 
point scale, with 5 representing the highest score. A copy 
of the scorecard used by the consumers for evaluation of the 


chickens is included in the Appendix, Figure 7, page 118. 
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After the three chicken halves had been evaluated 
individually, the participants ranked the samples in order 
of preference, with "1", representing the most preferred and 
"3", the least preferred sample. A space was provided for 
the participants to give suggestions and comments regarding 
the study, and to list any problems they encounter in cooking 


chicken. 
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47 
RESULTS AND DISCUSSION 


Throughout the discussion SBM refers to the soybean 
meal control ration; SBMF, to the soybean meal ration with 
a high fat and high fiber content; RSM, to the rapeseed 
meal ration; and RSMHM, to the rapeseed meal ration with 5% 
herring meal, 0.1% DL methionine and 0.05% choline chloride. 
Table 1, page 22 , gives the exact composition of the ra- 


tions. 


Ration 


Objective Measurements 

The data for objective measurements for chickens fed 
the four rations are presented in Table 2. Analysis of 
variance and application of Duncan's Multiple Range test 
(Steel and Torrie, 1960) showed that the mean percentage 
thaw loss for chickens raised on either the SBM or the 
RSMHM ration was lower (P <0.05) than the thaw loss of com- 
parable chickens fed the RSM ration. Broilers representing 
the SBMF ration had a mean percentage thaw loss similar to 
the thaw losses of the chickens from the other three ra- 
tion treatments. Data for percentage thaw loss show that 
larger chickens (RSMHM ration) yielded a lower thaw loss 
than did smaller chickens (RSM ration). Because the thaw- 


ing time for all chickens was constant, the higher percent- 
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Table 2. Means and SE! for objective measurements from chickens 
fed the four rations. 


ee EEE eee eee 


Measurements SBM SBMF Rations RSMHM SE 
Thaw loss (%)> 2,9? Se shoe 2.80 .17* 
Initial raw weight (g)" 1144.72 1312.9°¢ 1097.2" 14620275 11786" 
Cooked weight (g)4 Sea.8°” Bigce oelaser =m eacots) Micaoe 
Cooking losses (%)4 b - i . 
Total 24.5 26.3 25.7 26.0 .34* 
Volatile Te eGe 20875) 2056. 20.4 .26** 
Dri: 5.9 5.6 5.2 5.6 25 
pH? | 
Broth 6.7 au U 6.7 01 
Cooked meat 6.2 54 2 6.2 -01 
Total moisture (%)° 64.8 64.5 64.2 64.4 44 
Ether extract (%)° 5.1 1 8 4.6 (22 
TBA number” 6.0" 7a ie 73 lit 
Monocarbonyls (mg/g ary aalil al lz/ 12 iy 01 
Shear force (kg/cm core) 
Light meat | 2.2 Oo) DS Ly 
Dark meat 1 LO 2, Pe: .04 
Water holding capacity” . 66 -63 .65 .64 Ol 


tctandard error of the means. 


eSee footnote 1-4, Table 1, page 22. 


5Values are the means of 24 determinations, one per chicken from short 
or long frozen storage treatments. 


‘Values are the means of 36 determinations. (Initial raw weight - wing tips and 
neck removed.) 


> values are the means of 72 determinations, two per chicken, 


Cyatues are the means of 36 determinations, two on each of six chickens 
per storage period. 


Values are the means of 18 determinations, two on each of three chickens 
per storage period. 


B Values are the means of 144 detcrminations, four per chicken. 


EN Te - (expressible liquid index); the larger the value, the greater the 
amount of liquid expressed. Valucs are the means of 108 determinations, 


three per chicken. 


abcducans within the same row sharing a common superscript letter are not 
significantly different at Ps0.05. 


* 
Significant at P<0.05. 
**Significant at P<0.01. 
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age thaw loss obtained for smaller chickens is probably 
due to the evaporation of more moisture from defrosted 
ehackens:. 

The mean initial raw and cooked weights (g) of chick- 
ens fed the RSM ration were lower (P< 0.05) than the ini- 
tial raw and cooked weights of chickens raised on either 
the SBM or RSMHM rations. Chickens representing the SBMF 
ration had mean raw and cooked weights similar to the 
weights of chickens fed the RSM and SBM rations (Table 2). 

Yule and McBride (1976) noted that live-weights of 
chickens were depressed when 5% Australian expeller rape- 
seed meal was included in the diet alone or in combination 
with 8% lupin meal. Feeding Span rapeseed meal at levels 
of 5.5 and 11% resulted in broilers of lower (P< 0.05) 
weights than those of comparable broilers fed a soybean 
meal control ration (Leeson and Summers, 1976). 

In contrast, earlier work by Nakaya et al. (1968) 
with broilers 4 to 9 or 10 weeks of age, found little diff- 
erence in body weight gain of broilers fed 10 to 20% rape- 
seed oilmeal and broilers fed a soybean oilmeal control 
ration. These results (Nakaya et al., 1968) suggested 
that 10 to 20% rapeseed oilmeal might replace soybean oil- 
meal in broiler finisher rations without adverse effects 
when the dietary levels of energy and protein were con- 
trolled. 

In the present study, supplementation of the RSM ra- 


tion with 5% herring meal, 0.1% DL methionine and 0.05% 
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50 
choline chloride (RSMHM ration) resulted in broilers with 
weights similar to those of broilers on the SBM control 
diet. Feeding the RSMHM ration to broilers significantly 
improved broiler weights compared to the weights of com- 
parable broilers fed the RSM ration (Table 2). These data 
Support the results of Clandinin and Robblee (1966) who 
observed that up to 15% prepress-solvent and solvent ex- 
tracted Canadian rapeseed meals included in rations con- 
taining 3.0% herring meal and 0.2% choline chloride pro- 
duced broilers similar in weight to comparable broilers fed 
soybean meal rations. Energy to protein relationships must 
be maintained in order to keep growth promotion and feed 
conversion similar between the rapeseed meal ration group 
and the soybean meal ration group. These researchers 
(Clandinin and Robblee, 1966) also observed that the amino 
acid distribution of Canadian rapeseed meals was comparable 
to that of soybean meal. More recently, Clandinin et al. 
(1972 a) and Marangos et al. (1974) found that body weight 
was not influenced by the inclusion of 15% and 12% re- 
spectively, of various types of rapeseed meals in broiler 
rations containing herring meal. 

Total cooking and volatile losses for chickens fed the 
SBM ration were significantly lower than the losses of 
comparable chickens fed the other three rations (Table 2). 
Drip losses for chickens representing all of the rations 


were Similar. 


There were no significant differences in pH for either 
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ow 
broth or cooked meat attributable to ration, although broth 


samples gave consistently higher pH readings (approximately 
0.5 pH unit). Percentage total moisture and percentage 
ether extract of cooked meat were not significantly affected 
by ration treatment (Table 2). 

TBA numbers for chickens raised on each of the four 
rations differed significantly (P <0.05). Meat samples 
obtained from chickens raised on the SBM ration had the low- 
est TBA number; samples representing the RSM ration had 
the second lowest number. The TBA number of samples taken 
from chickens fed the SBMF ration was next, and was signi- 
ficantly different from the TBA number of samples repre- 
senting the RSMHM ration, which had the highest TBA number. 

The composition of the fatty acids in the ration in- 
fluences the composition of the carcass fat of the chicken 
(Klose et al., 1951; Marion and Woodroof, 1963; Miller and 
Robisch, 1969; Atkinson et al., 1972 a). The residual oils 
in fish meals have high levels of certain long chain poly- 
unsaturated fatty acids which are reflected in the fatty 
acid composition of the carcass (Miller and Robisch, 1969; 
Opstvedt,.1971; Atkinson)et-al). 751972: a)mmathe qoxidation 
level of tissue fat is known to be related to the degree of 
unsatuscation of fatty.acrdsiingtherytrssucwlipiday Thusjgiun 
the present study, the unsaturated fatty acids present in 
the residual oil of the herring meal may contribute to the 
high TBA number obtained for chickens fed the RSMHM ration. 


Webb et al. (1974) noted that the inclusion of fish meal in 
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the rations of turkeys resulted in an increase in TBA 
numbers, with numbers increasing as level of dietary fish 
meal increased from 0 to 103%. 

Monocarbonyl analyses of the fat extracted from the 
chicken skin and from the pan drippings resulted in slightly 
higher values for chickens raised on the SBMF and RSMHM 
rations than those obtained for samples from comparable 
chickens fed either the SBM or RSM rations, however the 
differences were not significant (Table 2). 

Warner Bratzler shear force values for cooked light 
and dark meat samples showed no Significant differences 
attributable to ration. Goodwin et al. (1969) stated 
that the composition of the diet had relatively little 
or no influence on tenderness as long as broilers were 
growing at the maximum rate. Water holding capacity data 
for meat from broilers raised on the four different ra- 


tions were similar (Table 2). 


Subjective Evaluation by a Trained Panel 


Data for trained taste panel evaluations of light 
meat, dark meat and broth samples are summarized in Table 3. 
Taste panel evaluations of light meat samples indicate that 
the odor, flavor and overall acceptability scores of sam- 
ples from chickens fed the RSMHM ration were lower (P< 0.05) 
than those for comparable samples from chickens raised on 


the SBM, SBMF and RSM rations. Panelists frequently de- 
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Table 3. Means and SE? for subjective evaluations by a 
trained panel for light meat, dark meat and broth samples 
from chickens fed the four rations. 


: 2 
Rations 
M 
easurements SBM SBMF RSM RSMEM SE 


Light meat” 


Odor 4.6° RG aoe eae 06*** 
Flavor 4.8° ie A. 6° mea 11*** 
Juiciness 4.1 3.9 4.0 4.0 ASH / 
Tenderness ally Siew Sg 4.3> 0 
Overall acceptability Ae Te 4.6° ry i ye els * 
Dark oye” 
Odor 4.29 ale Neat aa 05*** 
Flavor Anca aes eae ate ri ie 08**# 
Juiciness 4.6 4.6 4.6 ASS .05 
Tenderness eae Spe) eet er 49? 02** 
Overall acceptability 4.5° Ae Gao mere o 2.0 .06*** 
Broth. 
Odor 4.4 hor Abe 3.30 .06*** 
Flavor Aa vor aie DRS 06*** 


Svandced error of the means. 
“See footnote 1-4, Table 1, page 22. 


sSeven point scale with 7 being the highest score and 1 being the lowest 
score. Values are the means of 36 judgments by each of six panelists. 


4 Five point scale with 5 being 'no difference'' from reference sample and 


1 being "extreme difference". Values are the means of 36 judgments by 
each of six panelists. 
ab 


“Means within the same row sharing a common superscript letter are not 
significantly different at Ps0.05, 


“Significant at P<0,05. 
‘<Signicacantsat P<0'/0]% 
*k*kSignificant at P<0.001. 
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54 
scribed the odor and flavor of light meat samples from 
ehiekens fed the; RSMUMzration.as "fishy" .or. "rancid". 

There were no significant differences in the juiciness 
of light meat samples attributable to ration (Table 3). 
Tenderness scores for the light meat samples show that 
chickens fed the RSMHM diet were less tender (P< 0.05) than 
comparable samples from chickens fed either the SBM or 
RSM rations. Feeding the SBMF ration to broilers resulted 
in light meat of similar tenderness to that of comparable 
samples from broilers fed the other rations (Table 3). 
Warner Bratzler shear force values for light meat samples 
were Slightly higher (less tender) for cores obtained from 
chickens representing the RSMHM ration, however no signifi- 
cant differences attributable to ration were found (Table 2). 

The data (Table 3) show that panelists scored the odor 
of dark meat from chickens fed the RSMHM ration lower 
(P< 0.05) than that of comparable samples from chickens 
representing the other three ration treatments. The flavor 
and overall acceptability of dark meat samples taken from 
chickens fed the RSMHM ration were rated significantly 
lower than the flavor and overall acceptability of com- 
parable samples from broilers raised on the SBM, SBMF and 
RSM rations. Inclusion of 15% rapeseed meal in the rations 
of broilers (RSM ration) resulted in flavor and overall 
acceptability scores for dark meat which were significantly 
lower than the scores assigned to comparable samples from 


chickens fed the SBM (control) ration. Table 3 also in- 
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dicates that the flavor and overall acceptability of samples 
of dark meat taken from chickens raised on the SBMF ration 
were Similar to that of comparable samples from the SBM 
and RSM diets. Panelists repeatedly commented that the 
odor and flavor of dark chicken meat from the RSMHM ration 
Ereatment, was “fishy, "unpleasant", “rancid” or “stale”. 
According to some of the judges, dark meat samples from 
chickens fed the RSM ration had a "stale" or "more oily" 
flavor than samples from chickens fed the SBM (control) 
ration. In addition, dark meat samples from all ration 
treatments received lower scores for odor, flavor and over- 
all acceptability than comparable light meat samples 

(Table 3). 

There were no Significant differences in juiciness of 
dark meat samples attributable to ration treatment. How- 
ever, juiciness scores assigned to dark meat samples were 
higher than those scores given to light meat samples 
(Table 3). Since the muscle tissue of the thigh has a high- 
er lipid and collagen content than muscle tissues of the 
breast of chickens, these data are as would be expected. 
The tenderness score for dark meat samples from chickens 
raised on the RSMHM ration was significantly lower than 
that of comparable samples from chickens fed either the SBM 
or SBMF rations. Feeding broilers rapeseed meal at the 15% 
level (RSM ration) resulted in aoe Meat samples with a 
tenderness score similar to that of comparable samples from 


chickens fed the other three rations. Warner Bratzler shear 
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56 
data for dark meat samples did not Support taste panel 
scores (Table 2). 

Trends similar to those obtained for the odor and flavor 
of light meat and dark meat samples were observed for the 
odor and flavor of broths prepared from chickens raised on 
the four rations. The odor score for broths made from chick- 
ens fed the RSMHM ration was lower (P <0.05) than scores for 
broths prepared from comparable chickens of the other ration 
treatments (Table 3). Judges also scored the flavor of the 
chicken broth samples representing the RSMHM ration lower 
(P< 0.05) than that of broths made from comparable chickens 
fed the SBM, SBMF and RSM rations. The data indicate that 
broths prepared from chickens fed either the SBMF or RSM 
rations had significantly less desirable flavor than broth 
samples made from broilers fed the SBM ration (Table 3). 

In general, the results of the present study show that 
15% rapeseed meal plus 5% herring meal with added DL methio- 
nine: (0.1%), and..choline, chloride (0. 05%), i.e. the .RSMHM 
ration, when fed to broilers produced off-odors and off- 
flavors in chicken. Descriptions given by the judges for 
the light and dark meat samples from the chickens fed the 
RSMHM ration were "fishy", “unpleasant”, “rancid” or “stale”. 
Opstvedt (1971) suggests that the off-flavor in poultry 
meat associated with fish meal feeding more closely re- 
sembles the taste and smell of rancid fish than of fresh 
fish. In his experiments, the terms "rancid" and "fish 


taint" were used synonymously. 
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Feeding high levels of Ce types of fish meal (Rojas 
Cera ap ee irvoo, Atkinson eteat., 1972 a7 l972 by "to broilers 
caused off-flavor and off-odor in the chicken meat. Gen- 
erally, researchers (Hardin et al., 1964; Fry et al., 1965; 
Rojas et, al., 1969; "Atkinson et al., 1972 a, 1972 b) have 
established that the level of fish meal required to produce 
tainted meat is much greater than the 5% herring meal (con- 
taining approximately 7% residual oil) present in the RSMHM 
ration of this study. Dean et al. (1969),investigating the 
flavor associated with fish meals containing 9.2% re- 
Sidual fat, reported that flavor differences between broil- 
ers fed a control ration containing 3% white fish meal and 
broilers fed a ration containing 9% white fish meal were 
detected with a frequency that was highly significant in 
skin and breast meat. However, in thigh meat flavor differ- 
ences were detected only after a ration containing 14% fish 
meal was fed to broiler chickens (Dean et al., 1969). Rojas 
et al. (1969) fed levels of up to 8% Peruvian anchovy meal 
(4-8% fat) in rations without producing fishy flavor in 
broiler meat. Neutral flavor in broiler meat was reported 
by Atkinson et al. (1972 b) who also fed levels of 8% 
stabilized fish meal. 

According to Opstvedt (1971), the flavor deterioration 
compounds in fish meals are believed to reside in the lipid 
soluble fraction. Fry et al. (1965) concluded that levels 
of 1.25% fish oil in the rations were critical in producing 


off-flavors and off-odors in the broiler meat of chickens 
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58 
fed a ration containing fish Oil ay Significant negative 
correlation was observed between long chain polyunsaturated 
fatty acids and the flavor quality of chicken meat (Opstvedt, 
1971). Fish meals are known to contain residual long chain 
Polyenoic fatty’ acids: (Opstevedt, 1971, 1974:-Atkinson,et al., 
1972 a, 1972 b; Wessels et al., 1973). When fish meal is 
fed to chickens the long chain polyenoic fatty acids in the 
residual oil of the meal will be reflected in the muscle 
tissue of the chicken. In the present study however, the 
5% herring meal (containing about 7% fat) in the RSMHM ra- 
tion probably did not provide the level of fish oil and, thus, 
the level of polyunsaturated fatty acids necessary to pro- 
duce off-odors and off-flavors in the chicken meat. In 
addition, the 15% Span rapeseed meal (with 1 to 2% re- 
Sidual oil) included in the RSMHM diet would contribute only a 
small amount of long chain polyunsaturated fatty acids 
(linolenic, eicosenoic and erucic) which might influence 
chicken flavor. Thus, factors other than the level of 
fish meal and residual fish oil (or fatty acid composition 
of the residual fish oil) and/or the residual oils in the 
rapeseed meal must be involved in the production of fishy 
odors and flavors determined in chicken carcasses when the 
RSMHM ration was fed to broilers. 

In the present study, the incorporation of additional 
methyl groups, as DL methionine (0.1 %) and choline chloride 
(0.05 %), to the rapeseed meal ration containing 5% herring 


meal (RSMHM ration) may have contributed to the off-odors 


tager ines .2 tipie 

i ; ] > ~ - “\ = 
beads nacey leg Gieio i 
2 Osis ig 2) team ae 


#» i 
ia io bes a ih Eos 


yi “EE OG: oe Wiis ‘Diot std aia: t: . 
reyes o on Efiw Semin oii, he: Hew 
LSVSW Baie tte i Siig sf. pe ete “ais: ibe 

} (464 4? gue, eas pidge) Tae val 

ters Mavi ont aide rei) pan id hing 2 

f (G54@5°@R bios V2 eeoueee weno Leg to, ie 
er ssks CME Bins A2080-230,| 


am 
i { i aes 


‘coe J Ah enig Pi ai z > 1 dade was hi a sind 
| oe ~ Caicos Bele 
etl a ahr (inal Baas, iy. neon: 


i oe 
PG ick, 
. iW) Ap kerte: Ome cuidate , wae h 


hae 
a 


| Witmeen ¥ 7 ; $ I 
pyc God sted Seeoe anetDnd: ae avis 
H ae : } , 
ip ; / : ) ; ¥ ' 
dh ; “ a. a & ate I i ry ie) und elt *L Sant ie Leonia 
sy | : a ee 
4 7 | oes bi be bt = a 
org. n: ABER CS SIV a Sate {i6: Faia tee wes ak 
‘ e =) a : i ‘i 
— Me be ‘ar 


\-' Zea ip HOLS OIbOts, ft. Me ae vind SG ‘gaua haga owes 5 


O42) 0SGW SSerestss nedo TAs wil’. Baad: tee, eget a 


2 jt 
2 A 
~, 
7%) 4 
ay 45 ~" a’ « 4 
o Pe 7 A “ 4 honey PS _ 

Mei Sie. A 1 (88 Ov? nd a] BOTA aii 
' i b . 


a ane! tei Bis (E06) bec +5 si hie eo 
eancvicedt PE: pititetads OE *e ee ‘Siideabas ada 0%. oe 
: gy os ‘itd =o. 2 Vet) a eer: ona 


Sul ' pa 8 
a 1 " ad 


en - Pun : 
eet iethe s eo oe MTS ain OV sd, vl NOME Sie 


59 
and off-flavors determined an ros lee meat due to the pro- 
duction of trimethylamine. Trimethylamine (TMA), a protein 
degradation product, has been isolated in the flesh of fish 
and is one of the components responsible for fish odor 
(Halloran, 1972). (Both Atkinson. et al. (1972 b). and’ Wessels 
et al. (1973) noted that the addition of amines to rations 
containing fish meals intensified the "fishy" taint in the 
broiler meat. In studies of broiler flavor, Halloran (1972) 
investigated the effect of the addition of TMA to rations 
containing 0 to 1.50% fish oil. TMA had a consistent effect 
on the production of fishy flavors, regardless of level of 
Oil. Off-flavors most frequently mentioned (in decreasing 
erder) were bitter, fishy, strong,, fish oil and oily. In 
another experiment, Halloran (1972) added 0.101% TMA toa 
ration containing 3.4% fish meal. No fishy flavors in meat 
were reported when this ration was fed to chickens; however, 
off-flavors described as bitter, oily or strong were pro- 
duced in 15.6% of the broilers on the TMA-fish meal diet 
(BE<0).,05) 7. 

In contrast, Hanson et al. (1959) reported no signifi- 
cant difference in the flavor of modern-type broilers fed 
a diet containing 4.0% fish meal with 0.1% DL methionine 
and 0.025% choline chloride and old-type broilers fed a 
ration containing 10% fish meal. With the exception of the 
inclusion of 15% rapeseed meal, the modern type ration used 
by Hanson et al. (1959) was very similar to the RSMHM ration 
in the present experiment. Therefore, perhaps some inter- 


action between the rapeseed meal, and/or the herring meal, 
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and/or the added methyl groups may account for the off-odors 


and off-flavors determined in the chicken samples obtained 
from broilers fed the RSMHM ration. 

The concentration of free TMA in rapeseed meal is very 
low Tobe inerreneck et al., 1973). Hobson-Frohock et al. 
(1975) postulate that active rapeseed meal may contain either 
an inhibitor to trimethylamine oxidase or an excess of a pre- 
cursor to TMA production. Thus, it is possible that the pre- 
sence of an enzyme inhibitor or a TMA precursor (in the rape- 
seed meal and/or the herring meal) along with the dietary 
source of TMA (DL methionine and choline chloride) in the 
RSMHM ration may be responsible for the decreased odor and 
flavor of ore eicone raised on the RSMHM diet. 

The inclusion of Span rapeseed meal (15%) in the ra- 
tion of broiler chickens (RSM ration) resulted in dark meat 
and broth samples with significantly lower flavor scores 
than comparable samples from control chickens fed the SBM 
ration (Table 3). Yule and McBride (1976) observed that 
5% rapeseed meal in the ration resulted in no detectable 
effects on appearance, color, flavor, texture and accept- 
ability of broiler meat. However, they suggested that 
levels of rapeseed meal above 5% may cause off-flavors in 
broiler meat. No published reports have examined whether 
feeding rapeseed meal at levels (15%) present in commercial 
poultry feeds produced in Canada causes off-flavors and off- 
odors in poultry meat. 

Reports of off-flavor and off-odors in meat from sheep 


grazing on rape (B. napus) have been documented from Austra- 
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lia (Spurway, 1972; Park et al., 1972: Wheeler et al., 
1974). Also, rapeseed meals have been implicated in the 
production of off-flavors and off-odors in eggs laid by 
certain strains of hens fed laying rations containing 
rapeseed meal (HawrysSnvewm al. 1975; Blair etal. 1975: 
Overfield and Elson, 1975; Bolton et al., 1976). 

The SBMF ration was devised to contain a level of fat 
and fiber similar to that of the 15% Span rapeseed meal 
(RSM) ration. The higher fat and fiber content of the 
SBMF did not seem to ae ect the eating quality of broiler 
chickens as compared to chickens raised on the SBM (control) 
ration. For most quality characteristics, chickens re- 
presenting the SBMF ration were Similar to the chickens fed 


the RSM ration. 


Subjective Evaluation by a Consumer Panel 

A questionnaire (Appendix, Figure 5 , page 113), in- 
cluded in the consumer packet, provided general information 
about the participants in the consumer study. The findings 
of the questionnaire are summarized in Figures 7, 8, 9, 10, 
11, 12, 13, and 14. Of a sample of 144 consumers, 50% 
of the homemakers were gainfully employed while the other 
half were not (Figure 7 a). Gainfully employed consumer 
homemakers were subsequently categorized according to type 
of employment (Figure 7 b). Thirty-five percent of the 


gainfully employed respondents were employed as profession- 
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Figure 7 a. Percentage of consumer homemakers gainfully employed. 
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als co eee nurses, home Shares social workers, 
etc.), 11% were salespeople, 45% were clerical workers 
(secretaries, bank tellers, typists, bookkeepers, etc.) and 
9% were employed in miscellaneous jobs. 

In this study an attempt was made to insure that all 
age groups of homemakers were represented. Figure 8 illu- 
strates the age distribution of the consumers that partici- 
pated in this study. Twelve percent of the homemakers were 
24 years of age or less; 35% were in the 25 to 34 year age 
group; 18% were 35 - 44 years old; 19% were in the 45 to 54 
year age category; while the remaining 16% were 55 years of 
age and older. Data relating to family size of consumer 
households are illustrated in Figure 9. It is interesting 
to note that the most common family size of participants in 
this study was either 2 or 4, which accounted for 25 and 
26% of the Sige: population, respectively. 

Findings of the questionnaire also revealed that for 
32% of the respondents in this study farming was the occupa- 
tion of the main wage earner (Figure 10). Occupations listed 
by the remainder of the main wage earners were professionals, 
such as doctors, lawyers, teachers, accountants, etc. (19%), 
skilled laborers (17%), clerical workers (13%), business 
executives (8%), retired (6%), unskilled laborers (3%) and 
salespeople (2%). 

Figure 11 illustrates the percentage of main wage 
earners who represented each of five work situations. A 
large proportion (39%) of the main wage earners owned and 


managed their own business or farm, while 32% worked for 
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Figure 8. Age distribution of participating consumer homemakers. 
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Figure 9. Family size of participating consumer households. 
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Figure lO. Percentage of main wage earners occupied in various 


employment categories. 
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[cea Works for Someone 
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someone else. Twenty-one percent of the main wage earners 
worked for someone else, but in a managerial capacity. A 
small proportion of the main wage earners were retired (6%), 
Two percent of the main wage earners owned a business or 
farm but employed someone else to nanege it (Figure 11)": 

Since willingness to participate in this study was one 
of the criteria in the selection of the consumer panel, 
none of the participants disliked chicken. The majority of 
consumers (57%) liked chicken very much, 38% liked chicken 
and 5% neither liked nor disliked ae (Figure 12). Replies 
to the question regarding the frequency of serving chicken, 
indicated that 39% of the participants served chicken 2 to 
3 times per month, 28% served chicken once a month, 26% 
served it once a week, 6% of the respondents served chicken 
less than once a month, and 2% served chicken two or more 
times per week (Figure 13). 

Although a high percentage of farm families (32%) 
participated in this study, it was interesting to find that 
most of the consumers purchased chicken from either a local 
store (49%) or a private seller (37%) (Figure 14). Only 
11% of the participants in this study raised and killed their 
own chickens. The remaining consumers (3%) obtained their 
chickens from other sources. | 

Results of the consumer panel evaluations of cooked 
chicken meat (Table 4) indicate that feeding the RSMHM ra- 
tion to chickens resulted in lower (P< 0.05) scores for 


odor, flavor and overall acceptability than the scores assign- 
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Figure 12. Attitude toward chicken of participating consumers. 
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Figure, A. Frequency of serving chicken in participating 


consumer households. 
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Figure 14. Source of chickens for participating consumers. 
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Table 4. Means and SE for subjective evaluations by a consumer 
panel for chicken meat from chickens fed the three 


rations. 
Reiiona 
Measurements SBM RSM RSMHM SE 
dor ete BaGi 3.30 09% 
Pievon ARO: 39 3,4° .08* 
poet! 8S a a b 
Overall acceptability eine] Sue 75 2005 
Brorenences 1.8? i1.9° Dae .07* 


leeandard error of the means. 
*see footnotes 1, 3 and 4, Table 1, page 22. 


SPive point scale with 5 being the highest score and 1 being the lowest. 
Values are the means of 144 determinations. 


‘three point scale with 1 being "most preferred" and 3 being "least 
preferred". Values are the means of 142 determinations, 


2 veans within the same row sharing a common superscript letter are not 
Significantly different at P<0.05. 


*Significant at P<0.05. 


ae | 


writen 


Vis a E> <a 1ut day xt! 
MOY. See, 


ey + 


sotc? »AT aCl Shearicns 


Pe uy tk 
| “acta cd eh ee ae 
; 4g>e gt Bae ie i ; - = an ¥ 
: i = “ay ; ' - a ne 
te, & aD - 7 7 lent rr ee y - a _ ¥ 
en v ‘te 4” a ye 
. ‘ eS Oe, aes 
: ~ ta - gd ey i 
F i y ws igs ms) A. 
pire | : Ne f zs 
= Pe Ss ee a eal 
rate vas eo. 
sar if shia 0 tn “ te , Gee 
At eft hee bie Sirk oe a kanes ‘tater 
ein tPAGS et Pha, bec em Red nae 
aioe tT ea ghioe +: ‘ae yee sated 
ie | rive! Soy. ae, Ce tonhae 
<2. ee bnviate idee ibn tts lies Rie 
je0.Gak te Spaeth isis ri 
Ao, 
ia ; ers “+ 
Le oF Nu 
} = 1 i 
o ° i iy fig os =) 
, \ | ; | 


a) (me? ie 7 : he : ‘ "fea i 


73 


ed to comparable samples from chickens fed the SBM and RSM 


rations. For each of the three palatability characteristics 


evaluated, the consumer panelists assigned slightly lower 
scores to the cooked samples obtained from chickens fed 
the RSM ration than to comparable samples from chickens 
fed the SBM (control) ration, but the differences were not 
Significant. Consumer panel judgements for odor, flavor 
and overall acceptability of chickens representing the 
SBM, RSM and RSMHM ration treatments were slightly higher 
but the trends were similar to those of the trained panel 
(Table 4). Carlson et al. (1957) obtained similar results 
from a consumer panel and from a trained panel for an eval- 
uation of the amount Of menhaden fish oil or beef tallow 
that could be added to the diet without impairing the 
flavor of broilers. 

Consumer panelists also rated the cooked chicken 
samples for preference (Table 4). Mean scores given to 
each of the rations for preference rating indicate that 
the chickens raised on the RSMHM ration were rated signifi- 
cantly lower (i.e. had a higher score denoting lower pre- 
ference) than the chickens fed either the SBM or RSM rations, 
which were rated similarly. Table 5 shows that 40.6% of 
the respondents rated chickens fed the SBM (control) ra- 
tion as "most preferred"; while only 21.7% of the partici- 
pants rated chickens from the RSMHM ration group as "most 


preferred". In contrast, chickens from the RSMHM ration 
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Table 5. Percentage of consumers! ranking chickens fed the 
three rations in each preference category. 


Preference Rating” 


Rati one a 2 3 

SBM 40.6% 37.3% 21.8% 
RSM 37.8% 33.1% 29 .6% 
RSMHM 45 a 29 .6% 48.6% 


Fpereentage values are calculated as the number out of 142 
participants who assigned each ration to a specific preference 
category. 

988 footnotes 1, 3 and 4, Table 1, page 22. 


preference rating: 1, "most preferred" and 3, "least preferred". 
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treatment were ranked as “least preferred" by 48.6% of 

the consumers; while only 21.8% of the consumers rated the 
chickens fed the SBM ration as "least preferred". Prefer- 
ence ratings for chickens fed the RSM ration were between 


those of the other two rations (Table 5). 
Storage 


Objective Measurements 

Table 6 presents data for the objective measurements 
of fresh chickens and frozen chickens stored for either 18 
days or 6 months: Percentage thaw loss for chickens frozen 
and stored 18 days was lower (P <0.05) than the thaw loss 
for comparable chickens frozen and stored 6 months. There 
were no Significant differences in initial raw weight, cooked 
weight, cooking losses (total, volatile and drip), percentage 
total moisture or percentage ether extract attributable to 
storage (Table 6). In a study of freezing methods for chick- 
en, Streeter and Spencer (1973) found that non-frozen chicken 
halves had lower (P <0.05) mean cooking losses than compar- 
able chicken halves supteated to freezing. Wyche et al. 
(1972) reported no difference in moisture content between 
cooked samples analyzed initially and cooked chicken breasts 
or thigh drum samples stored frozen for three months. The 
precooked, frozen breast and thigh drum parts stored for 
three months had a higher percentage fat content than com- 
parable fresh cooked chicken parts analyzed immediately 


after cooking (Wyche et al., 1972). 
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Means and se! for objective measurements for fresh 


Table 6. 
chickens and frozen chickens stored 18 days and 
6 months. 
Frozen Storage 
Measurements Fresh Short Long SE 


Thaw loss (%)? 
Initial raw weight (ey aloha UP 7) 1113.9 UP BCT) 
Cooked weight (g)" 


(18 days) (6 months) 


-- 2s) SRS .09* 


849.0 832.7 837.2 OLS 

Cooking losses (%) 

Total 26.2 25.8 24.8 whe 

Volatile 20.5 20.4 19.3 ee, 

Drip Sa7 5.4 5.5 .16 
pH? 

Broth i ae 6.7" .01** 

Cooked meat 2 Griz 2 .01 
Total moisture (%)* 64.2 64.5 64.6 . 38 
Ether extract (%)4 9 4.6 we .19 
TBA number’ Ts Reo be .66** 
Monocarbonyls (mg/g no 5 2 712 .14 nOn 
Shear force (kg/cm coreye 

Light meat ava wmese 16° og*** 

Dark meat 1 1.1 1. 05 
Water holding capacity’ 67° 650° 61? ROL 


ESeandard error 


ey alues 
"Values 
“Values 
5 


Values 


Cvaiues 


are the 
are the 
are the 
are the 


are the 


of the means. 


means 


means 


means 


means 


me ans 


of 48 determinations. (Initial raw weight ~ wing tips & neck 
removed. ) 

of 96 determinations,two per chicken. 

of 48 determinations, two on cach of 24 chickens. 


of 24 determinations, two on each of 12 chickens. 


of 192 determinations, four per chicken. 


Dials ~ (expressible liquid index); the larger the value the greater the 
amount of liquid expressed. Values are the means of 144 determinations, 
three per chicken. 


abveans within the same row sharing a common superscript letter are not 
significantly different at P<0.05). 


*Significant at P<0.05. 


**Sivnificant at P<0.01. 


*kkSjignificanut at P<0,001. 
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Data for pH of broth samples from frozen chickens stored 


18 days were lower (P <0.05) than comparable broth samples 
from either fresh chickens or frozen chickens stored for 6 
months (Table 6). Since broth pH determinations were an av- 
erage of 48 duplicate readings, a difference of one-tenth pH 
unit was Significant. Pippen et al. (1965) reported that 
differences in pH as great as 0.4 pH unit had little, if any, 
influence on broth flavor. Therefore, the difference in pH 
determined in the present study probably has little influence 
on broth flavor. Storage treatment had no significant effect 
on the pH readings of the cooked meat samples (Table 6). 

The TBA number (Table 6) for frozen chicken stored for 
6 months was lower (P <0.05) than the numbers for comparable 
samples of either fresh chickens or frozen chickens stored 18 
days. The TBA test has been used by several workers (Martin- 
son and Carlin, 1968; Sims and Carlin, 1968; Harris and Lind- 
say, 1972; Wyche et al., 1972; and Dawson and Schierholz, 
1976) to determine lipid oxidation during the storage of poul- 
try products. Some of these researchers found that TBA values 
remained the same (Martinson and Carlin, 1968; Sims and Car- 
lin, 1968) as storage time at -18° increased up to 12 months. 
Wyche et al. (1972) observed higher TBA numbers in cooked 
breast and thigh drum samples after 3 months frozen storage 
than those determined in fresh cooked breast and thigh drum 
samples from broilers. Arafa and Chen (1976) noted that the 
TBA number for pre-cooked chickens reached a maximum value at 
the fourth month of storage and then decreased before leveling 


off at 6 months. 
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The TBA test measures the concentration of malonalde- 


hyde, a reaction product of lipid oxidation. In the present 
study, the loss of malonaldehyde and subsequent decrease in 
the TBA value determined for broiler meat from frozen chickens 
stored 6 months may be due to the formation of carbonyl 
addition products (Chang et al., 1961) or to a reaction 

of myosin and malonaldehyde (Buttkus, 1967) during frozen 
storage. Dawson and Schierholz (1976) suggested that the 
products responsible for the TBA reaction are produced and 
recombined in food systems in an erratic fashion. Therefore, 
TBA results are not always as expected. 

ne cir s experiment, total monocarbonyls in the fat 
from cooked chicken skin and from the pan drippings were 
also analyzed as a measure of lipid oxidation in the chick- 
ens. However, there were no significant differences in 
monocarbonyls attributable to storage treatment (Table 6). 
Dimick and MacNeil (1970), studying storage time-temperature 
effects on carbonyl composition of cooked turkey and chick- 
en skin fractions, reported that as the period at -17.8° 
increased from 0 to 23 weeks, monocarbonyl content in- 
creased fairly consistently. 

Warner Bratzler shear force values for light and dark 
chicken meat samples are also given in Table 6. Light meat 
cores taken from chicken frozen and stored for 6 months 
were more tender (P <0.05) than comparable cores from either 
fresh chickens or frozen chickens stored 18 days. There 


were no significant differences in shear force values for 
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dark meat samples attributable to storage. However, the 
force required to shear dark meat samples was consistently 
lower than the force needed to shear light meat samples. 

Few studies have determined the relationship between 
tenderness and length of frozen storage in poultry using 
Warner Bratzler shear measurements. Streeter and Spencer 
(1973) reported similar Warner Bratzler shear values for 
non-frozen chicken halves and for chicken halves frozen 
by the air blast method and stored one week. Goertz et 
al. (1960) found that Warner Bratzler shear values for 1.3 
cm cores of dark turkey meat frozen and stored at -17.8° 
for 3 months were lower (P <0.05) than those for comparable 
cores from turkeys frozen and stored one month. 

Water holding capacity data (Table 6) were lowest for 
chickens frozen and stored for six months; highest for 
fresh chickens (P<0.05). Chickens frozen and stored a 
short period of time had an intermediate value for WHC, 
which was similar to the WHC values of fresh chickens and 
frozen chickens stored 6 months. Goertz et al. (1960) re- 
ported similar water holding capacity values for both 
fresh-unfrozen turkeys and frozen turkeys stored either one 


month or 3 months. 


Subjective Evaluation by a Trained Panel 


Table 7 summarizes data for subjective evaluations of 


light meat, dark meat and broth samples obtained from fresh 
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Table 7. Means and SE? for subjective evaluations by a 
trained panel for light meat, dark meat and broth 
samples from fresh chickens and frozen chickens 
stored 18 days and 6 months. 


Frozen Storage 
Measurements Fresh Short Long SE 
(18 days) (6 months) 


Light Me at” 
Odor 4.4° NeM 4.1) wl 04* 
Flavor 4.4 4.2 4.0 .08 
Juiciness 40°" ores Al ee ee OT 
Tenderness Sop! 4.9 5.0 . 06 
Overall acceptability 4.4 4.2 4.0 Ba 14 
Dark Meat’ 
Odor A mlb a th A Be ae Ase 
Flavor rs) Be 7 Sré .06 
Juiciness 4.6 4.5 4.6 J07 
Tenderness 4.9 yt S22 .07 
Overall acceptability Spy So 3.8 .08 
Broth” 
Odor Arak ao cece ills 
Flavor 3.9 5.8 5.0 . 06 


MSeardard error of the means. 


2 seven point scale with 7 being the highest score and 1 being the lowest 
score. Values are the means of 48 judgments by each of 6 panelists. 


*Five point scale with 5 being "no difference” and 1 being "extreme 
difference’. Values are the means of 48 judgments by each of 6 
panelists. 


2D Means within the same row sharing a common superscript letter are not 
significantly different at P<0.05. 


*Significant at P<0.05. 
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chickens and frozen chickens stored for either 18 days or 

6 months. Odor scores for light eae samples from chickens 
frozen and stored for either 18 days or 6 months were signi- 
ficantly lower than the odor score for comparable samples 
taken from fresh chickens. Data for flavor and overall 
acceptability of light meat indicate that these quality 
scores decreased as length of frozen storage increased; 
however, the results were not significant. Light meat 
samples obtained from chickens frozen for a short time 
received a lower (P <0.05) juiciness score than comparable 
samples from frozen chicken stored 6 months. The juiciness 
score assigned to light meat from fresh chickens was simi- 
lar to that given to light meat samples taken from chickens 
from both frozen storage treatments. Storage treatment 

did not affect the tenderness scores of light meat samples 
(Table 7). Water holding capacity and Warner Bratzler 
shear data do not support subjective evaluations of juici- 
ness and tenderness, respectively (Table 6). Other workers, 
Goertz et al. (1960) have found that press fluid values and 
juiciness scores, as well as shear force values and tender- 
ness scores do not always agree. 

The odor of dark meat samples from chickens frozen and 
stored for 18 days was significantly lower than the odor of 
comparable samples from chickens assigned to long frozen 
storage (Table 7). The odor score for dark meat samples 
from fresh chickens was similar to the odor scores for 


dark meat from both frozen storage treatments. There were 
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no significant differences in the flavor, juiciness, tender- 


ness and overall acceptability of dark meat samples attri- 
butable to storage treatment. Objective tenderness deter- 
mMinations (Warner Bratzler shear values, Table 6) also 
show no effect due to storage. 

Taste panel data for broth indicate that the broth 
prepared from chickens frozen for 6 months had a less de- 
Sirable odor than comparable samples made from fresh chick- 
ens (Table 7). Broth made from frozen chickens stored 18 
days received an odor score similar to that of comparable 
broths from the other two storage treatments. Although data 
for the flavor of broth samples show trends similar to 
those determined for odor, these differences were not stat- 
Mecicamy Signiticant. 

Generally, the eating quality of the broilers was 
not influenced by the storage treatments investigated in 
the present study, with the exception of odor scores for 
light meat and broth samples previously noted. There have 
been few reports of the effects of length of frozen storage 
on eating quality of broiler chickens. An early study by 
Stewart et al. (1945) noted that in shorter frozen storage 
periods (9 and 23 days) the differences in palatability 
scores (including aroma, flavor, juiciness and tenderness) 
between fresh controls and frozen broilers were not signifi- 
cant. However, with longer frozen storage (up to 79 days) 
palatability scores of frozen broilers decreased, the 


differences between fresh controls and frozen broilers 
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becoming highly significant. Spencer et al. (1961) found 


no significant differences in the flavor of chicken meat 
attributable to frozen storage at -17.8° for 2 to 12 weeks. 
However, they observed lower (P <0.01) flavor scores for 
extracted broth samples obtained from chickens that were 
held frozen for short periods of time (2 to 8 weeks and 12 
weeks). On the basis of their experiment, Spencer et al. 
(1961) suggested that the loss in flavor found in frozen 
broilers was not enough to be detected by the consumer 
during normal cooking. 

Wills et al. (1948), investigating longer frozen 
storage Berteday canoe that poultry was still palatable 
after 9 months of frozen storage at -23.2°. However, Koonz 
et al. (1947) found that cut-up pullets wrapped in moisture- 
proof cellophane and stored at -17.8° for 9 months showed 
appreciable deterioration in flavor and appearance. Later 
research by Klose et al. (1959) on the effect of frozen 
storage on ready-to-cook cut-up chicken, suggested that 
3, 6, 9 and 18 months were optimum storage periods for 
chicken at temperatures of -7°, -12°, -18° and -23° re- 
spectively. This study (Klose et al., 1959) emphasized 
the close relationship that exists between processing, 
packaging and temperature. 

Thus, the data for the influence of storage on the 
eating quality of broilers in the present study are as 
would be expected since the chickens were well-packaged and 


stored at a constant, very low temperature (-29°). Further- 
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more, the longest storage period in this experiment, 6 


months, is shorter than the one year period of frozen stor- 
age generally suggested as optimum for insuring broiler 


quality. 
Ration by Storage 


Objective Measurements 
Data for all the objective measurements for the inter- 
action of ration and storage are given in the Appendix, 


Lape. 1%, page 106. 


Subjective Evaluation by a Trained Panel 


The complete data for subjective evaluations by a 
trained panel of ration by storage interactions are pre- 
sented in the Appendix, Table 2 , page 107. Mean scores 
for odor and flavor of light meat, dark meat and broth are 
summarized in Table 8 . Light meat samples showed signifi- 
cant differences (P <0.05) for odor attributable to ration 
by storage interaction. The data for ration within each 
storage period indicate that the odor scores for chickens 
fed the RSMHM ration were significantly different from the 
other three rations for each of the storage times. How- 
ever, odor scores for light meat from chickens fed the SBM, 
SBMF and RSM rations varied according to the specific stor- 
age period. Light meat samples from chickens fed the SBM 


(control) ration and cooked fresh had the highest score and 
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this score was significantly different from light meat sam- 
ples taken from comparable Pee ch chickens fed the SBMF ra- 
tion. For chickens fed the SBM, SBMF and RSM rations, odor 
scores for light meat showed no significant differences with- 
in short frozen storage. For long frozen storage the odor 
score for light meat obtained from chickens fed the SBM ra- 
tion was lower (P <0.05) than the odor score for comparable 
samples from chickens fed the SBMF ration. 

There was no significant difference in odor scores for 
light chicken meat among the three storage periods for chick- 
ens fed either the SBMF or RSM rations. However, for light 
Meat samples from chickens raised on the SBM and RSMHM rations, 
the odor scores within fresh storage were significantly high- 
er than the scores for chickens fed these rations (SBM and 
RSMHM) and assigned to long frozen storage. For chickens fed 
the SBM ration, but not the RSMHM ration, light meat from 
chicken assigned to short frozen storage received lower 
(P < 0.05) odor scores than comparable samples from fresh chick- 
ens (Table Br): Ration by storage interaction did not signifi- 
cantly affect either the flavor of light meat or the odor and 
flavor of the dark chicken meat. 

Broth odor also was significantly influenced by ration 
and storage interaction. Within each storage period, broth 
prepared from chickens fed the RSMHM ration received signi- 
ficantly lower (P< 0.05) odor scores than broths from all 
other ration by storage treatment combinations. Broths 
prepared from chickens fed the SBMF and RSM rations held 


frozen for 6 months were given significantly lower odor 
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scores than broths from control chickens frozen for a long 
time. The odor scores for broth samples prepared from 
chickens representing the SBM, SBMF and RSM rations and 
assigned to either fresh or short frozen storage were simi- 
lar. 

Storage treatment did not affect odor scores for broth 
samples prepared from control chickens (SBM ration). Chick- 
en broth made from long frozen broilers fed the SBMF and 
RSM rations received lower (P< 0.05) odor scores than com- 
parable broths from fresh chickens fed either the SBMF or 
RSM rations. Frozen storage treatments, both short and 
long, compared to the fresh treatment, resulted in a de- 
crease (P <0.05) in odor scores for broths prepared from 
chickens fed the RSMHM ration. Ration by storage inter- 
action did not significantly influence the flavor of the 
lopaleheialy 

Findings, for odor of light meat and broth in the 
present study, indicate that including 5% herring meal and 
adding methyl groups to a ration containing 15% Span rape- 
seed meal caused decreased stability in chickens during 
frozen storage. In contrast, odor and flavor scores for 
light and dark meat samples, and flavor scores for broths 
obtained from broilers fed the RSM rations show that these 
carcasses were as stable to frozen storage for 6 months as 
comparable samples from broilers fed the SBM (control) ra- 
tion. For all palatability characteristics evaluated (for 


ration by storage interaction), chickens fed the SBMF ra- 
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tion received scores similar to those given to comparable 
samples from chickens representing the RSM diet. Odor 
scores for broth samples showed decreased stability to long 
frozen By ee for chickens fed the RSM and SBMF rations as 


compared to chickens raised on the SBM ration. 
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SUMMARY AND CONCLUSIONS 


Broiler chickens Were fed four different rations; 
a soybean meal ration (SBM), a soybean meal ration with 
a fat and fiber content comparable to that of the rapeseed 
meal ration (SBMF), a 15% Span rapeseed meal ration (RSM) 
and a rapeseed meal ration with 5% herring meal, 0.1% DL 
methionine and 0.05% choline chloride included (RSMHM). 
The exact composition of the rations is given in Table l, 
page 22. At eight weeks of age, the chickens were commer- 
cially killed and processed. Chickens representing each 
ration treatment were assigned to one of three storage 
treatments - fresh, short frozen storage (18 days) or 
long frozen storage (6 months). The effects of ration and 
storage treatments on the eating quality characteristics 
of broiler chickens were studied using objective measure- 
ments and subjective evaluations by a trained panel and a 
consumer panel. 

Data for the effect of ration treatment indicate that 
feeding chickens 15% Span rapeseed meal (RSM ration) re- 
sulted in broilers with significantly lower initial raw 
and cooked weights than the weights of comparable chickens 
fed the SBM ration. Chickens fed the RSM ration had a 
higher (P <0.05) thaw loss than larger chickens fed the 
SBM and RSMHM rations. Total cooking and volatile losses 
for chickens representing the RSM ration were significantly 


higher than the losses for comparable chickens fed the SBM 
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90 
(control) ration. The TBA number for chickens raised on 


the RSM ration was higher (P <0.05) than the number for 
comparable control chickens (SBM ration). 

Inclusion of herring meal, DL methionine and choline 
chloride in a 15% Span rapeseed meal ration (RSMHM ration) 
resulted in broilers with higher (P< 0.05) initial raw 
and cooked weights than the weights of chickens fed the 
RSM ration, but with weights similar to those of chickens 
fed the SBM ration. Due to their larger raw weight, chick- 
ens representing the RSMHM ration had a lower (P< 0.05) 
thaw loss than chickens representing the RSM ration, anda 
thaw loss similar to that of chickens fed the SBM ration. 
Chickens raised on the RSMHM ration had significantly 
greater total cooking and volatile losses than comparable 
control chickens (SBM ration). The TBA number for chickens 
representing the RSMHM ration was higher (P< 0.05) than 
the TBA numbers for chickens from the other three rations 
treatments.. 

Chickens fed the SBMF had initial raw and cooked 
weights similar to those of comparable chickens fed either 
the SBM or RSM rations, but with significantly lower weights 
than chickens fed the RSMHM ration. The thaw loss for 
chickens raised on the SBMF diet was similar to that ob- 
tained for chickens from all other ration treatments. Total 
cooking and volatile losses were higher (P< 0.05) for 
chickens fed the SBMF ration than the losses for chickens 


fed the SBM control ration. 
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Data for drip Loss fepH ‘of broth’, pH of. cooked: meat, 


total moisture (%), ether extract (%), monocarbonyls, 
shear force for light and dark meat, and water holding 
capacity show no significant differences attributable to 
ration. 

A tvained panel rated the flavor and overall accept- 
ability of dark meat samples taken from chickens fed the 
RSM ration significantly lower than comparable samples from 
chickens fed the SBM ration. Flavor and overall accept- 
ability scores for light meat samples, and odor, juiciness 
and tenderness scores assigned to light and dark meat samples 
Obtained from chickens representing the RSM ration were sim- 
ilar to comparable samples taken from chickens fed the SBM 
ration. The odor of broth prepared from chickens fed the 
RSM ration was similar to the odor of broth made from chick- 
ens fed the SBM ration. However, the broth flavor score 
for samples representing the RSM ration was significantly 
lower than the score for comparable broths made from chick- 
ens fed the SBM ration. 

Findings from the trained judges indicate that feeding 
broilers the RSMHM ration resulted in lower (P< 0.05) scores 
for odor, flavor and overall acceptability of light and 
dark meat samples than those scores assigned to comparable 
samples from chickens fed the other three rations. Tender- 
ness scores for light and dark meat from chickens on the 
RSMHM treatment were lower (P< 0.05) than comparable samples 


from control chickens. The odor and flavor of broth samples 
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92 
prepared from chickens fed the RSMHM ration were also 


Significantly lower than broths prepared from chickens fed 
the other three rations. 

According to trained panelists, the addition of extra 
fiber and fat to the SBM ration, i.e. the SBMF ration, gen- 
erally resulted in light and dark chicken meat that was 
Similar in eating quality to the meat obtained from broilers 
fed the SBM (control) ration. Although the differences 
were not significant, the flavor and overall acceptability 
of dark meat samples taken from chickens fed the SBMF ra- 
tion were rated slightly lower than comparable samples ob- 
tained from chickens fed the control (SBM) ration, and simi- 
lar to samples obtained from chickens representing the RSM 
ration. The odor score assigned to broth samples obtained 
from chickens fed the SBMF ration was similar to the score 
given to broths prepared from chickens raised on the SBM 
diet. The flavor score for broths made from chickens re- 
presenting the SBMF ration was significantly lower than the 
flavor score for broths prepared from control chickens 
(SBM ration), but similar to the flavor score given broths 
from chickens fed the RSM ration. 

A consumer panel rated the odor, flavor and overall 
acceptability of chicken meat from broilers raised on the 
SBM, RSM and RSMHM rations. Data indicate that feeding 
chickens the RSM ration resulted in slightly lower (but 
not significant) scores for all three palatability char- 


acteristics evaluated than the scores for comparable chick- 
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ens fed the SBM ration. Chickens fed the RSMHM ration re- 
ceived significantly lower scores for odor, flavor and over- 
all acceptability than comparable chickens fed the SBM 
ration. 

Frozen storage of broiler chickens for 18 days or 6 
months had little effect on initial raw weight, cooked 
weight, cooking losses, pH of broth and cooked meat, per- 
centage total moisture, percentage ether extract, mono- 
carbonyls, and shear force values for dark meat. The thaw 
loss of chickens frozen 6 months was significantly higher 
than the thaw loss of comparable chickens frozen 18 days. 
The TBA number of chickens frozen and stored 6 months was 
lower (P <0.05) than that of comparable fresh chickens and 
frozen chickens, stored 18 days. The shear force value for 
light meat samples taken from chickens frozen and stored 
for 6 months was lower (P <0.05) than the shear force values 
for comparable samples from either fresh chickens or frozen 
chickens, stored 18 days. Water holding capacity was signi- 
ficantly lower for the frozen chickens stored 6 months than 
for fresh chickens. 

Generally, trained taste panel data indicate that 
storage treatment did not affect the eating quality of 
broiler chickens. The odor of light meat samples was low- 
ered significantly by frozen storage for either 18 days or 
6 months compared to the odor of light meat obtained from 
fresh chickens. However, the odor score of dark meat was 


lower (P <0.05) for short frozen chickens than for compar- 
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able samples from frozen chickens, stored 6 months. The 
odor of broth prepared from chickens frozen for 6 months 
was lower (P <0.05) than the odor of broth made from fresh 
chickens. These findings seem to indicate that a loss in 
odor of light meat and broth occurs when broilers are 
frozen and stored particularly for extended periods of 
time. 

Ration by storage interaction did not exhibit an effect 
on the eating quality of chickens fed the SBM, SBMF and RSM 
rations. Odor scores for light meat and broth samples from 
chickens fed the RSMHM ration tended to decrease when these 
chickens were frozen and stored. 

Some differences in quality characteristics of chickens 
fed the RSM ration have been noted (decreased raw weight, 
difference in cooking losses and increased TBA number). In 
addition, data from both a trained and a consumer panel in- 
dicate that feeding 15% Span rapeseed meal (RSM ration) 
may have caused a slight decrease in eating quality. Thus, 
further studies are needed to determine whether supplementing 
the broiler rations with rapeseed meal results in decreased 
eating quality. Research is also needed to determine the 
effect on eating quality of broiler chickens of feeding 
rapeseed meal rations from new cultivars of rape, such as 
Tower and yellow seeded rape. 

Findings from the present study indicate that although 
the addition of 5% herring meal, 0.1% DL methionine and 0.05% 
choline chloride to a ration containing 15% Span rapeseed meal 


improved the initial raw and cooked weights of chickens, 
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the eating quality of the chickens (particularly odor, 
flavor and overall acceptability),as rated by trained and 
consumer panels, was adversely affected. A further loss of 
eating quality (odor) resulted when the broilers repre- 
senting the RSMHM ration were frozen and stored. These 
results would suggest that either the presence of 5% herring 
meal and/or higher levels of DL methionine and choline chlo- 
ride than normally incorporated into broiler rations, or | 
the interaction of the rapeseed meal with one or both of 
these constituents causes the production of off-odors and 
off-flavors in broiler meat. Further research is required 
to determine the cause(s) for loss in eating quality of 


broiler chickens fed the RSMHM ration. 
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Figure 2. Instructions given to the trained judges 
for subjective evaluation of chicken meat 
samples. 


INSTRUCTIONS TO JUDGES FOR SENSORY EVALUATION OF POULTRY 


Score each palatability characteristic in the order 
listed on the scorecard by marking an "X" in the box under 
the column headed 7, 6, 5, 4, 3, 2 or 1. Try to judge each 
sample individually without consciously comparing it with 
other samples. Consider carefully the descriptive termin- 
ology for specific scores within the range of 7 to l in 
deciding upon the score to assign each palatability character- 
as tac 


Scoring for Odor - Aroma or odor is the quality of a sub- 
Stance which affects the sense of smell. Using 1 cube of 
chicken, bring the sample to directly beneath the nose and 
inhale quickly 3 times. Then, record the score within a 
range of 7 to 1, which describes your impression of the 
aroma. Comments are welcomed, and a list of descriptive 
terms for odor are given to assist you. 


Scoring for Flavor and Juiciness - Using the same cube as 

above, record a score for flavor and another for juiciness 
within a range of 7 to 1 that describes your impression of 
the sample. 


Juiciness - is the amount of moisture in mouth and remaining 
in the chicken after 3 chews. Anchors are provided to stand- 
ardize the scores within range. If necessary use them to 


refresh your memory. 


Flavor ~ as 7the intensity of the chickeny flavor remaining 
in the mouth after complete mastication. Again, the List, or 
descriptive terms might help you explain the flavor experienced. 


Scoring for Tenderness - Use the other cube of chicken to 
Score tenderness. Place cube in mouth so that molar teeth 
bite down the grain. Count the number of times you chew the 
1 em cube of chicken before swallowing. Chew until the cube 
of chicken is completely masticated, then swallow. (This does 
not mean that you chew the sample just "until you can swallow 
it comfortably".) Record the number of chews required to 
masticate the cube. Mark a score from 7 to 1 that describes 
your impression of the tenderness of the cube. Consider the 
scorecard for descriptive terms for specific scores within 
the range of 7 to 1, using your chew range cards. 
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Overall Acceptability - Record a score that describes your 
impression of the general desirability of the sample. This 
is not a total score, i.e. it is not a score obtained by 
adding the scores for the other factors listed on the score- 
card. The score for overall acceptability is within the 
range of 7 to 1, the same as for each of the other factors 
listed on the scorecard. 


Comments - Comments about a sample and/or explaining your 
reason for assigning a particular score are helpful. 


Take Your Time - to score each sample. Water is provided 
for rinsing your mouth between samples. Rinse between 
samples. It is not necessary to swallor the cube used to 
score flavor and juiciness. 


Before you turn in your scorecards, check to be sure that 
you_have: 


(a) scored each palatability characteristic 


(b) recorded the number of chews required to completely 
Masticate: the sample. 
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LIST OF DESCRIPTIVE WORDS 


AROMA 
meaty-brothy 
acidic 
ammonia-like 
sulfury 
rancid 

stale 

fishy 

acrid, sburnt 
chickeny 
foreign 


FLAVOR 


acidic, sour 

metallic 

eggy, sulfury 

bitter 

grainy, feedy, grassy 
bland, little flavor 
real chicken, chickeny 
off-flavor, odd 
rancid, stale 

greasy, Oily 

fishy 

bupne, acrid 

salty 

sweet 

foreign 


Figure 3. Descriptive terms provided to trained 
panelists for subjective evaluation of 
the odor and flavor of chicken meat and 
broth. 
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Figure 5. Questionnaire distributed to the 
participants of the consumer study. 


QUESTIONNAIRE 


NAME: 


ADDRESS: 


abs Are you gainfully employed outside the home? 
Yes No 


If yes, what is your occupation? 


Die Please indicate the age group to which you belong as 
of your last birthday: 


24 and under 


25 - 34 
35 - 44 
45 - 54 


55 and over’ 


Si How many people are there in your family? 

one, two, three, four, 

five, Six, seven, over seven. 
4. How many of these people are: 

under 6 years 45 - 54 

Cede gis 55 and over 

DSS) Bll 

VSr= "24 

25 - 34 

35 - 44 


Si What kind of work does the main wage earner do? Please 
describe his or her work as specifically as you can: we 
need to know the type of work done, but not the name of 
the company or business. 


For example: car mechanic at a garage; salesclerk at 
a store; teach in a high school; salesman 
for a book company; operates a farm of 
160 acres; unemployed. 
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Which of the following statements best describes the 
working situation of the person you named main wage 
earner. (Check the one which best applies to your 
situation.) 


works for someone; does not manage the business 
or farm. 


works for someone; does manage the business or a 
main part of it. 


owns a business (or farm), but hires someone 
else to manage it. 


owns and manages his or her own business or farm. 
retired. 
In general, does your family like chicken? 


like very much, like, neither like 
nor dislike, dislike, dislike very much. 


Approximately how often do you serve chicken to your 
family? 


2 or more times/week 
about once a week 


2 or 3 times/month 


| 


about once a month 
less than once a month 


not at all in the past 12 months 


Where do you usually obtain the chickens that you serve 
to your family? 


raise and kill your own 


from a private seller 


from a local store 
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Figure 6, Instructions provided for subjective 
evaluation of chicken by a consumer panel. 


INSTRUCTIONS 


You have been asked to participate in a study on 
broiler chickens currently being conducted at the Uni- 
versity of Alberta. 


Lis Carefully fill out the questionnaire. 
2. Read through the instruction sheet. 


We would appreciate if you could return the completed 
questionnaire and scorecard to 
your District Home Economist by December 19, 1975. 


You have been given three frozen chicken halves to 
thaw, cook, taste and evaluate. Each chicken is individ- 
ually coded with a metal tag which has a four digit code 
number on it. This metal tag is attached to the wing of 
the chicken and should not be removed so that you can 
identify each chicken when you are tasting it. 


Procedure: 

is Thaw the chicken halves in their packaging. This will 
take approximately 24 hours in the refrigerator; 5-7 
hours at room temperature. (These chickens must be 


used within 2 days of thawing.) 


Bhs. Prior to cooking, remove the chicken from the 
plastic bag. If you are not used to cooking and 
eating chicken without salt, a small amount of salt 
may be used. PLEASE DO NOT SEASON THE CHICKEN with 
other spices or herbs before or after cooking, as 
this could tend to camouflage flavor and odors. 


oie Wrap each thawed chicken separately in aluminum foil, 
making sure that each chicken is securely wrapped. 


4, Place the three foil-wrapped chicken halves on a rack 
in a large pan with sides (i.e. cookie sheet, cake pan, 
etc.) or on a broiler pan. 
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5. Bake at 350°F for approximately 3/4 to 1-1/2 hour, 
depending on the size of the chicken, or until the 
chicken meat is cooked to the desired degree. Be- 
cause of the method used for cooking, the skin will 
not brown, so do not use this as your indication of 
doneness. Guides which may be used to indicate done- 
ness include: 


a) Leg should move easily at the hip joint. 
b) Meat should be soft when the chicken is 
cooked. 


The chickens may be browned at the end of the cooking 
period by pulling the foil back and raising the oven 
temperature to 425° for about 15 minutes. 


*When the chickens are cooked, they should be evaluated 
using the scorecard provided. Please put date and name on 
the scorecard. The meat from each of the chickens should be 
smelled, tasted and scored ONE AT A TIME FOLLOWING THE CODE 
NUMBER ORDER LISTED ON THE SCORECARD. Refer to the wing tag 
for the code number. First smell, then taste each sample. 
Using the scorecard provided put a large "X" in the box which 
describes your opinion of the odor or aroma, the flavor, and 
the overall acceptability. Any comments you may have are 
welcome. After all three chickens have been individually 
evaluated, rank them in order of your preference. Give l. 
to the most preferred, 2. to the next best, and 3. to the 
least preferred. 


Before returning the questionnaire and scorecard to 
, your local District Home 


Economist - 
We Please check that your name and address as well 
as the date are on the top of the scorecard, and 
2s make sure the questionnaire has been completely 


answered. 


Instructions to one third of consumers - 


* When the chickens are cooked, they should be evaluated 
using the scorecard provided. Please put date and name on 
the scorecard. The meat from each of the chickens should 
be smelled, tasted and scored ONE AT A TIME WRITING THE CODE 
NUMBER IN THE SPACE PROVIDED AS YOU TASTE EACH CHICKEN. Refer 
to the wing tag for the code number. 
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Have you any suggestions, favorable or unfavorable 
comments or complaints that you would like to make to the 
Poultry Producers of Alberta regarding the poultry currently 
available to consumers? 


Are there any particular difficulties that you en- 
counter in cooking poultry? 


A space is provided for these at the bottom of the 
scorecard. 


Thank you for participating in this study. We hope you 
and your family enjoy your chicken dinner! If you are inter- 
ested in receiving information on the results of this study, 
please contact me, Carol Steedman, at the University of 
Alberta, School of Household Economics, Foods and Nutrition 
Division, Edmonton, or your local District Home Economist 
after May 15, 1976. 
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DATE: 


CODE NO. 
Odor or Aroma 


Flavor 
Overall 


Acceptabil] ty 


Comments 


CODE NO. 


Odor or Aroma 


Flavor 


Overall 
Acceptability 


CODE KO. 
Odor or Aroma 


Flavor 


Overall 
Acceptability 


Comments 
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SCORECARD FOR CHICKEN 


NAME: 


ADDRESS: 


dislike 


Gislike 
very much 


neither like 
nor dislike 


like very 
much 


dislike 
very much 


neither like 
nor dislike 


like very 
much 


very good acceptable very poor 


i 
like very neither like dislike dislike 
much nor dislike very much 
like very neither like dislike 
much nor dislike very much 
very good acceptable very poor 
2 
1 
like very neither like dislike dislike 


much nor dislike very much 


neither like 
nor dislike 


disiike 
very much 


like very 


dislike 
much : 


very poor 


very good 


acceptable 


Please rank the samples according to your preference. 


Code No. 
1. most prefcrred 
Be 
3. least preferred 


Suggestions, Comments or Complaints for Alberta Poultry Producers. 


Difficulties encountered in cooking poultry. 


Figure 7. Scorecard for subjective evaluation of 


chicken meat by a@ consumer pancl. 
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